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PEEFACE   TO   THE    SECOND   EDITION. 


The  present  edition  of  this  ■work  has  not  only  been  entirely 
revised  and  largely  re-written,  but  it  has  been  so  lai^ely 
augmented  by  the  addition  of  new  matter,  that  it  may  be 
considered  as  to  all  intents  and  purposes  a  new  book.  In 
the  former  edition,  the  final  section  of  the  work  was  devoted 
to  Historical  or  Stratigraphical  PaUeontology ;  but  this  sub- 
ject has  been  entirely  omitted  on  the  present  occasion,  aa 
it  is  most  suitably  dealt  with  separately,  and  it  has  been 
treated  of  in  a  general  manner  in  the  Author's  'Ancient 
Life-History  of  the  Earth.' 

As  in  the  former  edition,  considerably  more  space  has 
been  allotted  to  the  Invertebrata  than  to  the  Vertebrata,  for 
reasons  which  are  obvious,  and  especially  upon  the  ground 
that  palffiontological  students  are,  as  a  rule,  much  more  largely 
concerned  with  the  former  than  the  latter.  An  attempt  has 
also  been  made  to  give,  as  tar  as  possible,  brief  and  general 
definitions  of  the  more  important  and  widely  distributed 
families,  or  even  genera,  of  the  Invertebrata,  as  well  as,  to 
a  more  limited  extent,  of  tlie  Vertebrata.  In  carrying  out 
this  attempt,  however,  it  is  clear  that  it  was  necessary  to 
make  a  rigid  selection  of  material,  based  upon  what  might 
appear  to  be  the  relative  importance  of  different  types.  All 
conclusions  upon  this  subject  must,  however,  be  matters  of 
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personal  opinion,  and  it  is  therefore  quite  likely  that  some 
of  the  forms  which  have  not  been  alluded  to  may  be  thought 
to  be  as  important  and  as  deserving  of  notice  as  those  which 
are  actually  selected  for  mention.  .  So  far  as  this  point  is 
concerned,  the  Author  can  only  say  that  he  hae  acted  to 
the  best  of  his  ability,  and  that  he  by  no  means  supposes 
the  selection  actually  made  to  be  ideally  perfect. 

It  is  hoped  that  most  o^  the  more  important  additions  to 
our  knowledge  of  the  great  and  rapidly-growing  science  of 
Palseontology  will  be  found  to  be  incorporated,  in  however 
condensed  a  fonu,  in  the  present  edition.  In  this  connec- 
tion, however,  the  Author  would  wish  to  mention  that  tiie 
greater  part  of  this  edition  was  written  in  the  early  part  of 
the  year  1878,  and  that  tlie  whole  of  it  was  in  the  hands  of 
the  printers  before  the  commencement  of  the  present  year. 
Owing  to  this  fact,  though  considerable  and  unexpected 
delay  has  occurred  in  the  actual  publication  of  the  work, 
it  has  arisen  that  the  Author  has  been  unable  to  avail  him- 
self fully,  or  at  all,  of  some  importent  palsontological  works 
and  memoirs  which  were  published  towards  the  close  of 
1878,  and  in  the  early  part  of  the  present  year.  Among 
these  may  be  more  especially  mentioned  the  Second  Part  of 
the  '  Handbuch  der  PalEcoatologie,'  by  Professors  Zittel  and 
Schimper ;  the  memoirs  of  Munier-Ghalmas  and  Toula  upon 
the  Dactyloporidfe ;  the  valuable  memoirs  by  Mr  Henry  B. 
Brady  upon  the  Beticularian  Shlzopoda  of  the  Challenger 
and  Arctic  Expeditions ;  the  concluding  portions  of  the 
'  BeitH^  zur  Systematik  der  fossilen  Spongien,'  by  Pro- 
fessor Zittel ;  the  treatise  of  Professor  Mobius  upon  the 
structure  of  Eozoon  Canadense ;  the  important  Monograph 
by  Angelin  upon  the  Cystideans ;  the  researches  of  Mr  P. 
Herbert  Carpenter  upon  the  Oral  and  Apical  Systems  of 
the  Echinoderms;  the  Croonian  Lecture  by  Mr  Moseley 
upon  the  Structure  of  the  StylasteridEe ;  and  the  valuable 
papers  upon  the  Dwarf  Crocodiles  of  the  Jurassic,  by  Pro- 
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fessor  Owen,  and  upon  the  Oolitic  Mammals  and  the  Deino- 
aaurian  and  Sauranodout  BeptHes  of  North  America,  by 
Professor  Marsh.  The  Author  may  add  that  he  would  have 
considerably  modiiied  the  section  dealing  irith  tbe  so-called 
"  Tabulate  Corals,"  had  his  investigations  into  the  structure 
and  relationships  of  these  fossils  been  completed  in  time. 

Tbe  number  of  illustrations  in  the  present  edition  has 
been  lai^ely  increased.  Moat  of  the  new  engravings  have 
been  drawn  by  tlie  Author,  and  have  been  transferred  to  the 
wood  by  Mr  Charles  Berjeau.  Lastly,  the  Author  has  to 
express  hia  thanks  to  his  friends,  Mr  Henry  B.  Brady,  F.B.S., 
Dr  Ramsay  H.  Traquair,  F.B.S.R,  and  Mr  E.  Etheridge,  Jan., 
F.G.S,,  for  much  valuable  and  friendly  assistance. 


Usntti  College,  St  Ahdbbwb, 
September  10,  1879. 
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PEEFACE   TO   THE   FIRST   EDITION. 


Tbe  object  of  the  present  work  is  to  furnish  the  student  of 
Geology  and  the  general  reader  with  a  compendious  account 
of  the  leading  principles  and  facta  of  the  vast  and  ever- 
increasing  science  of  Palseontology.  In  carrying  out  this 
object,  all  superfiuous  details  have  been  rigidly  excluded, 
and  the  Author  has  endeavoured  to  restrict  himself  entirely 
to  those  facta  which  are  absolutely  necessary  to  any  one 
who  would  study  Paleontology  as  a  department  of  science, 
sufficiently  distinct  to  stand  alone,  and  yet  most  closely  con- 
nected with  the  sciences  of  Zoology  and  Botany  on  the  one 
hand,  and  with  Geology  on  the  other  hand. 

In  the  First  Part  of  the  work  is  given  a  general  account 
of  the  principles  upon  which  the  palseontological  observer 


In  the  Second  Part  of  the  work,  Palteozoology,  or  the 
past  history  of  the  Animal  Kingdom,  is  treated  of;  and  here 
much  more  space  has  been  devoted  to  the  Invertebrate  than 
to  the  Vertebrate  groups — upon  the  ground  that  it  is  chiefly, 
or  almost  exclusively,  with  the  former  that  the  ordinary 
palieontological  student  has  to  deal. 

The  Third  Part  of  the  work  gives  a  brief  and  very  gen- 
eral view  of  Paleobotany,  or  the  past  history  of  the  Vegetable 
Kingdom.      This  department  of  the  subject  has  not  been 
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treated  at  any  length,  partly  because  the  remains  of  plants 
are  comparatively  rare  in  the  stratified  series,  and  partly 
because  nothing  less  than  a  special  treatise  would  suffice  to 
handle  satisfactorily  this  obscure  and  difHciilt  branch  of  the 
subject. 

Tlie  fourth  and  concluding  portion  of  the  work  treats  of 
Historical,  or,  as  it  might  be  called,  Stratigraphical,  Pala;- 
ontology,  —  namely,  of  the  application  of  Palfeontology  to 
tlie  elucidation  of  the  succession  of  the  stratified  deposits 
of  the  earth's  crust.  Tliis  department  of  the  subject  has 
also  been  very  briefly  disposed  of,  not  because  its  intrinsic 
importance  does  not  warrant  a  more  extended  treatment, 
but  because  it  is  the  Author's  intention,  as  bis  leisure  will 
permit,  to  devote  a  separate  treatise  to  the  consideration 
of  this  wide  and  comparatively  independent  section  of  the 
science. 

In  conclusion,  the  Author  would  beg  liis  readers  to  re- 
member that  there  is  no  science  which  is  growing  ao  rapidly, 
and  which  is  as  yet  so  comparatively  in  its  infancy,  as 
Palieontology ;  and  that  there  is  none  in  whicli  the  con- 
clusions of  to-day  are  more  liable  to  be  vitiated  by  tlie 
discoveries  of  the  morrow.  Even  whilst  these  sheets  have 
lieen  going  through  the  press,  facta  have  been  brought  to 
light  which  ought  to  have  found  their  place  in  a  Manual 
of  this  kind,  but  which  have  been  of  necessity  altogether 
jjassed  over,  or,  at  best,  have  been  merely  alluded  to.  For 
all  deficiencies,  therefore,  arising  from  this  cause,  the  Author 
has  to  beg  the  kind  indulgence  of  his  readers. 

With  regard  to  the  Illustrations,  the  Author  has  grate- 
fully to  acknowledge  the  kindness  of  Alfred  K.  C.  Selwyn, 
I-Isq.,  Director  of  the  Geological  Survey  of  Canada,  who 
]>laced  at  the  Author's  disposal  a  number  of  engravings  of 
■Silurian  and  Devonian  fossils,  from  the  publications  of  the 
Hun'ey.  The  Author  has  likewise  to  acknowledge  a  similar 
obL'gatioD  to  Principal  Dawson,  of  M'Gill  University,  Alon- 
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treal,  who  kindly  permitted  the  use  of  several  of  the  illus- 
trations of  his '  Acadian  Geolt^y.'  A  considerable  proportion 
of  the  engravings,  however,  are  taken  from  D'Orbigny's  beau- 
tifully illustrated  '  Coura  Elumentaire  de  Pal^ntologie,'  by 
an  arrangement  with  the  publishers  of  that  work. 
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PALJIONTOLOGY, 


CHAPTER     I. 

introduction. 

Definition  of  Paleontology. 

PAI.AONT0L0GT  (Gr.  paiaioa,  ancient ;  onta,  beings ;  logos, 
disconrse)  is  the  science  which  treats  of  the  living  beings, 
whether  ammal  or  v^etable,  which  have  inhabited  this 
globe  at  past  periods  in  its  history.  It  is  the  ancient  life- 
history  of  the  earth,  and  if  its  record  could  ever  be  com- 
pleted, it  would  famish  us  with  an  account  of  the  structure, 
habits,  and  distribution  of  all  the  animals  and  planto  which 
have  at  any  time  flourished  upon  Uie  land-surfaces  of  the 
globe  or  inhabited  its  waters.  From  causes,  however,  which 
will  be  subsequently  discussed,  the  palfeontolc^cal  record  is 
most  imperfect,  and  our  knowledge  is  interrupted  by  gaps 
which  not  only  bear  a  lai^  proportion  Lo  our  solid  informa- 
tion, but  which  in  many  cases  are  of  such  a  nature  that  we 
can  never  hope  to  have  them  filled. 

As  Zoology,  then,  treats  of  the  animals  now  inhabiting 
the  earth,  and  as  Botany  treats  of  the  now  existing  plants. 
Palaeontology  may  be  considered  as  the  Zoology  and  Botany 
of  the  past.  Regarding  it  from  this,  the  only  true  point  of 
view,  some  knowledge  of  Zoolt^  and  Botany  is  essential  to 
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a  prosecution  of  the  study  of  Palteontology,  and  such  de- 
tails of  these  sciences  as  may  be  deemed  requisite  will  be 
introduced  in  the  proper  place.  The  materials,  again,  which 
fall  to  be  studied  by  the  paheontologist,  are  drawn  entirely 
from  the  proper  province  of  the  geologist.  Fossils  are  de- 
rived from  Twhs.  It  will  therefore  be  necessary  to  trespass 
to  some  extent  upon  the  peculiar  domain  of  the  geolt^st, 
and  to  obtain  some  knowledge  of  the  origin,  composition,  and 
mode  of  occurrence  of  the  rocks  from  which  Palseontology 
obtains  its  materials.  lastly,  Palseontology,  apart  from  its 
own  importance  as  an  independent  science,  is  employed  by 
the  geologist  to  assist  him  in  his  determination  of  the  chron- 
ological succession  of  the  materials  which  compose  the  crust 
of  the  earth.  Paleontology,  therefore,  in  one  of  its  aspects, 
is  a  branch  of  geological  science,  and  requires  separate  study 
in  its  relation  to  historical  Geology. 

Definitiok  of  Fossils. 

All  the  natural  objecte  which  come  to  be  studied  by  the 
palaeontologist  are  termed  "  fossils "  (Let  fossus,  dug  up). 
In  most  cases,  fossils,  or,  as  they  are  often  termed,  "petri- 
fJEictions,"  are  actual  portions  of  animal  or  vegetable  oigan- 
isms,  such  as  the  shells  of  Molluscs,  the  skeletons  of  Corals, 
the  bones  of  Vertebrate  animals,  the  wood,  bark,  or  leaves  of 
plants,  &c. ;  and  these  may  be  preserved  very  much  in  their 
original  condition,  or  may  have  been  very  much  altered  by 
changes  subsequent  to  their  burial  Strictly  speaking,  how- 
ever, by  the  term  "  fossU  "  is  understood  "  any  body,  or  the 
traces  of  the  exi^enee  of  any  body,  whether  animal  or  vege- 
table, which  has  been  buried  in  the  earth  by  natural  causes  " 
(Lyell).  We  shall  find,  therefore,  that  we  must  include 
imder  the  head  of  fossils  objects  which  at  no  time  themselves 
formed  parts  of  any  animal  or  vegetable,  but  which,  never- 
theless, point  to  the  former  existence  of  such  organisms,  and 
enable  us  to  reason  as  to  theii  nature.  Under  this  head 
come  such  fossils  as  the  moulds  or  "  casts  "  of  shells  and  the 
footprints  left  by  various  animals  upon  sand  or  mud. 

In  the  great  mtyority  of  coses  fossils  ore  the  remains  of 
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aniiDBls  or  plants  vhicb  are  now  extinct — that  is  to  say, 
which  no  longer  are  in  existence,  but  have  entirely  disap- 
peared horn  the  earth's  surface.  In  some  cases,  however, 
fossils  are  the  remains  of  reeent  animals — that  is,  of  animals 
whicli  are  still  found  in  a  living  condition  upon  the  globe. 
The  term  "  sub-fossil,"  sometimes  applied  to  these,  has  been 
more  appropriately  applied  in  another  sense,  and  is  beat  dis- 
carded in  this  connection.  In  any  case,  the  fact  that  a  given 
specimen  belongs  to  an  extinct  species  of  animal  or  plant,  or 
that  it  is  referable  to  some  existing  form,  does  not  enter  in 
any  way  whatever  into  the  determination  of  the  q^uestion  as 
to  whether  or  not  it  is  truly  a  fossil.  If  such  a  specimen  is 
found  in  those  porticms  of  the  earth's  crust  which  we  can 
show  by  other  evidence  to  have  been  formed  prior  to  the 
establishment  of  the  existing  terrestrial  order,  then  it  is  a 
fossil;  while  any  remains,  even  though  belonging  to  the 
aaine  animal,  which  are  found  in  deposits  which  have  been 
formed  during  the  historical  period,  would  properly  fall  to  be 
studied  by  the  zoologist  or  the  botanist,  and  would  not  rightly 
be  termed  "  fossils."  It  must  be  admitted,  however,  that  in 
approaching  the  "  Becent "  period  of  the  earth's  history,  it 
becomes  a  matter  of  difficulty — indeed,  a  matter  of  impos- 
sibility— to  draw  any  precise  line  between  fossil  and  recent 
specimens. 

The  terms  "  iiauna  "  and  "  flora  "  are  employed  in  Palre- 
ontology  much  as  they  are  by  the  naturalist,  to  mean  the 
entire  assemblage  of  the  animalB  or  of  the  plants  respectively 
belonging  to  a  particular  region  or  a  particular  time.  Thus 
we  may  speak  of  the  "  fauna "  of  the  Carboniferoua  Period, 
or  the  "  flora "  of  the  Tertiary  Epoch,  or  the  fauna  of  the 
Chalk,  or  of  any  other  set  of  beds. 

FossiusATiON. 

The  term  "  fosaUisatdoQ  "  may  be  applied  in  a  general  sense 
to  all  the  prooesaes  through  which  an  organic  body  passes  in 
order  to  become  a  fossil.  Here  we  need  only  consider  the  three 
leading  forms  in  which  fossils  present  themselves.  In  the 
first  instance,  the  fossil  is  to  all  intents  and  purposes  an  actual 
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organic  remain,  being  itself  a  fragment  of  an  animal  or  plant 
Thus  we  may  meet  witli  fossil  bones,  shells,  or  wood,  which 
may  have  undergone  certain  changes,  such  as  would  be  pro- 
duced by  pressure,  by  the  deprivation  of  oi^anic  matter  origi- 
nally present,  or  by  more  or  less  complete  infiltration  with 
mineral  matter,  hut  which,  nevertheless,  are  practically  the 
real  bodies  they  represent.  As  a  matter  of  course,  it  is  in 
the  more  modem  formations  that  we  find  fossils  least  changed 
from  their  primitive  condition,  but  all  formations  almost  con- 
tain some  fossils  in  which  the  original  structure  is  more  or 
less  completely  retained. 

In  the  second  place,  we  very  frequently  meet  with  fossils 
in  the  state  of  "casts"  or  moulds  of  the  original  organic 
body.     What  occurs  in  this  case  will  he  readily  understood, 
if  we  imagine  any  common  bivalve  shell,  as  an  Oyster,  or 
Mussel,  or  Cockle,  embedded  in  clay  or  mud.     If  the  clay 
were  sufficiently  soft  and  fluid,  the  first  thing  would  be  that 
it  would  gain  access  to  the  interior  of  the  shell  and  would 
completely  fill  up  the  space  between  the  valves.     The  pres- 
sure, also,  of  the  surrounding  matter  would  insure  that  the 
clay  would  everywhere  adhere  closely  to  the  exterior  of  the 
shell.     If  now  we  suppose  the  clay  to  be  in  any  way  hard- 
ened so  as  to  be  converted  into 
stone,  and  if  we  were  to  break 
up  the  stone,  we  should  obvi- 
I  ously  have  the  following  state 

!  of  parts.     The  clay  which  filled 

I  the  shell  would  form  an  accu- 

rate east  of  the  interwr  of  the 
shell,  and  the  clay  outside  would 
pig.  i.-THffo«ta  tjinn,  .howiiig  (Mb.    give  us  an  exact  impression  or 

oT  Ui«  eitArinr  lod  interior  or  the  Hbeli.  .      ■•  .1  ,      ■  k    .1  ,     ,, 

KocrouiiAii.  cast  ot  thc  exttTtoT  of  the  shell 

(fig.  1).  We  should  have,  then, 
two  casts,  an  interior  and  an  exterior,  and  the  two  would  be 
very  different  to  one  another,  since  the  inside  of  a  shell  ia  very 
unlike  the  outside.  In  the  case,  in  fact,  of  many  univalve 
shells,  the  interior  cast  is  so  unlike  the  exterior  or  unlike  the 
shell  itself,  that  it  may  be  difficult  to  determine  the  true 
origin  of  the  former. 
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It  only  remains  to  add  that  there  ia  sometimes  a  further 
complication.  If  the  rock  be  very  porous  and  permeable 
by  water,  it  may  happen  that  the  original  shell  is  entirely 
dissolved  away,  leaving  the  interior  cast  loose,  like  the  ker- 
nel of  a  nut,  within  the  case  formed  by  the  exterior  cast. 
Or  it  may  happen  that  subsequent  to  the  attainment  of  this 
state  of  things,  the  space  thus  left  vacant  between  the  inte- 
rior and  exterior  cast — the  space,  that  ia,  formerly  occupied 
by  the  shell  itself — may  be  filled  up  by  some  foreign  min- 
eral deposited  there  by  the  infiltration  of  water.  In  this 
last  case  the  splitting  open  of  the  rock  would  reveal  an 
interior  -  cast,  an  exterior  cast,  and  finally  a  body  which 
would  have  the  exact  form  of  the  original  shell,  but  which 
would  be  really  a  mach  later  formation,  and  which  would 
not  exhibit  under  the  microscope  the  minute  structure  of 
shell. 

In  the  third  class  of  cases  we  have  fossils  which  present 
with  the  greatest  accuracy  the  external  form,  and  even  some- 
times the  internal  minute  structure,  of  the  original  organic 
body,  but  which,  nevertheless,  are  not  themselves  truly  organic, 
but  have  been  formed  by  a  "  replacement "  of  the  particles 
of  the  primitive  organism  by  some  mineral  substance.  The 
most  elegant  example  of  this  is  afforded  by  fossil  wood  which 
has  been  "  silicified  "  or  converted  into  flint.  In  this  case 
we  have  a  piece  of  fossil  wood,  which  presents  the  rings  of 
growth  and  fibrous  structure  of  wood,  and  which  ^u)de^  the 
microscope  exhibits  even  the  minutest  vessels  which  char- 
acterise ligneous  tissue.  The  whole,  however,  instead  of 
being  composed  of  the  original  carbonaceous  matter  of  the 
wood,  is  now  converted  into  pure  flint  The  only  explana- 
tion which  can  be  given  of  this  by  no  means  very  rare 
phenomenon,  is  that  the  wood  must  have  undergone  a  slow 
process  of  decay  in  water  holding  silica  or  flint  in  solution. 
As  each  particle  of  the  wood  was  removed  by  decay,  its  place 
was  taken  by  a  particle  of  flint  deposited  from  the  surround- 
ing water,  till  ultimately  the  entire  wood  was  silicified.  The 
replacing  substance  is  by  no  means  necessarily  flint,  but  may 
be  iron-pyrites,  oxide  of  iron,  sulphur,  malachite,  magnesite, 
talc,  &c. ;  and  it  is  not  uncommon  to  find  many  other  fossils 


.yCkxigle 


8  ZNTBODUCTION. 

besides  wood  pieserred  ia  this  way,  sucli  as  shells,  corals,  or 
sponges. 

The  rej^acemeTti  of  the  original  substance  of  a  fossil  by 
some  foreign  body  is  thus  a  matter  of  common  occurrence, 
but  it  ia  by  no  means  always  easy  to  determine  whether  or 
not  such  replacement  has  taken  plac«.  By  far  the  com- 
monest mode  of  replacement  is  that  whereby  an  originally 
cfdcareous  skeleton  is  replaced  by  silica.  This  process  of 
"  silicification  " — of  the  replacement  of  lime  by  tiliea — is 
not  only  an  extremely  common  one,  but  it  is  also  a  readily 
intelligible  one ;  since  carbonate  of  lime  ia  an  eaaily  and  flint 
a  hardly  soluble  substance.  It  is  thus  easy  to  understand 
that  originally  calcareous  fossils,  such  as  the  shells  of  Mol- 
lusca,  or  the  skeletons  of  Corals,  should  have  in  many  caaes 
suffered  this  change,  their  carbonate  of  lime  being  dissolved 
away,  particle  by  particle,  and  replaced  by  precipitated  silica, 
as  they  were  subjected  to  percolation  by  heated  op  alkaline 
waters  holding  silica  in  solution. 

When  we  meet  with  fossils,  such  as  those  alluded  to 
above,  which  we  hiaw  to  have  been  originally  calcareous, 
hut  which  we  now  find,  unchanged  in  form,  but  converted 
into  flint,  then  we  cannot  doubt  that  we  have  to  deal  with 
cases  of  "  silicification,"  and  that  the  primitive  skeleton  of 
lime  has  in  these  cases  been  slowly,  and  more  or  less  per- 
fectly, replaced  by  silica.  We  cannot,  however,  speak  in 
such  a  positive  manner  as  to  fossils  which  we  now  find  to 
be  composed  of  flint,  but  aa  to  the  original  constitution  of 
which  we  cannot  be  certain.  We  find,  namely,  some  fossils 
which  are  of  uncertain  affinities,  and  which  are  sometimes 
found  in  9  siliceous  and  sometimes  in  a  calcareous  state. 
If  we  are  not  positive  as  to  the  zoological  position  of  these 
fossils,  or  if  they  belong  to  a  group  of  animals  in  which  we 
find  the  living  forms  to  possess  sometimes  a  calcareous  and 
sometimes  a  siliceous  skeleton,  then  it  is  obviously  a  matter 
of  extreme  difBciilty  to  determine  whether  the  extinct  forms 
were  really  composed  of  lime  or  of  flint.  In  such  cases,  we 
must  be  guided  principally  by  the  condition  of  preservation 
of  the  fossils  which  occur  associated  with  such  obscure  forms 
in  the  same  beds ;  the  fact  that  the  associated  remains  an 
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converted  into  flint  pointii^  to  tlie  probabtlitj  that  the  prob- 
lematical forms  were  or^^inally  calcareous,  and  vice  versa. 
In  the  case,  also,  of  all  fossila  which  present  themselvea 
sometimes  in  a  siliceous  and  sometimes  in  a  calcareous  form, 
there  is  always  the  preswmption  that  the  skeleton  was  origi- 
nally composed  of  lime,  this  presumption  beii^  based  upon 
the  fact  that  the  conveisiou  of  the  calcareous  skeletons  of 
animals  into  silica  by  a  process  of  replacement  is  an  un- 
questionable, an  extremely  common,  and  a  readily  intelligible 
occnrrence. 

Until  recently,  indeed,  naturalists  never  allowed  them- 
selves to  contemplate  the  altemadve  possibility  of  an  origi- 
nally sUiceom  skeleton  being  replaced  by  lime ;  but  we  have 
now  high  authorities  in  favour  of  the  view  that  this  anom- 
alous mode  of  substitution  really  does  occur  occasionally. 
The  only  case  in  which  anything  like  definite  proof  of  this 
abnomial  mode  of  replacement  can  be  said  to  have  been 
brought  forward  is  that  of  some  of  the  fossil  sponges  found 
in  the  chalk.  Certain  of  these  sponges  agree  in  their 
general  form  and  in  their  microscopic  structure  with  the 
living  HexactinelUd  Sponges  (such  as  the  Venua'a  Flower- 
basket),  the  skeleton  of  which  is  composed  of  flint,  and  it  is 
therefore  difficult  to  doubt  the  possession  by  the  fossil  types 
of  a  primitively  siliceous  skeleton.  We  m/ight,  indeed,  sup- 
pose that  the  fossil  sponges  in  question  represented  an  en- 
tirely new  type  of  sponge-structure  with  the  form  of  the 
living  Hexaotinellids,  but  with  a  fxdeareovs  skeleton,  and 
that  this  skeleton  had  in  the  process  of  fossilisation  been  often 
replaced  by  flint ;  but  this  supposition  would  be  a  violent 
one,  and  would  not  be  warranted  by  the  known  facts.  It 
has,  however,  been  pointed  out  by  Zittel  that  these  sponges 
are  sometimes  found  in  the  rocks  with  their  skeleton  in  part 
calcareous  and  in  part  siliceous ;  and  the  same  distinguished 
observer  has  further  shown  that  in  such  specimens  the 
siliceotis  portions  of  the  skeleton  retain  their  minute  micro- 
scopic character,  whereas  the  calcareous  portions  have  en- 
tirely lost  their  minute  structure,  and  are  composed  simply 
of  erytiaUine  calcite.  Had  the  skeleton  been  originally 
calcareous,  the  lime  composing  it  would   have   been  in   a 
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granular  and  not  a  crystalline  form,  and  it  is  thereforr^  very 
difficult  to  account  for  the  state  of  preservation  of  these  speci- 
mens, unless  ve  admit  that  the  skeleton  was  primitively  silice- 
ous, and  that  we  have  here  a  case  of  the  substitution  of  the 
hardly  soluble  silica  by  the  easily  soluble  carbonate  of  lime. 

In  any  case  we  must  carefully  distinguish  between  replace- 
ment,  whether  by  flint  or  any  other  mineral,  and  infiltration, 
the  latter  being  merely  the  process  whereby  the  cavities  and 
natural  vacuities  of  a  fossil  are  liable  to  become  filled  hy 
some  mineral  substance,  subsequent  to  its  entombment  in 
sediment  When  such  a  fossil  as  a  shell  or  a  coral,  for 
example,  becomes  buried  in  the  sandy,  calcareous,  or  argil- 
laceous mud  at  the  bottom  of  the  sea,  the  surrounding 
sediment  often  does  not  penetrate  into  the  deeper  parts  of 
the  fossil,  and  there  are  thus  left  in  its  interior  certain 
empty  spaces,  into  which  the  snirounding  water  makes  its 
way  by  percolation.  Any  mineral  substances,  such  as  car- 
bonate of  lime  or  silica,  which  may  be  contained  in  solution  in 
the  water,  are  then  liable  to  undergo  precipitation,  and  to  he 
deposited  in  a  solid  form  within  the  fossil.  All  the  natural 
cavities  of  a  fossO,  even  down  to  the  minutest  microscopic 
pores  or  tubes,  may  in  this  way  become  filled  with  some 
such  infiltrated  material,  the  two  commonest  agente  in  this 
process  being  lime  and  flint.  If  the  skeleton  of  the  fossil 
be  a  calcareous  one,  while  the  infiltrating  material  has  been 
some  less  soluble  substance,  such  aa  silica  or  some  silicate, 
then  the  skeleton  may  be  artificially  or  naturally  dissolved 
away,  leaving  a  cad  of  the  internal  cavities  of  the  fossil 
formed  of  the  infiltrated  matter.  Thus  the  minute  shells  of 
Foraminifera  are  often  infiltrated  with  the  silicate  glau- 
conite,  and  exquisitely  perfect  casts  of  their  interior  cavities 
are  subsequently  formed  by  dissolution  of  the  shell  itself. 
In  this  way,  as  we  shall  see  hereafter,  deposits  of  green 
sand  have  been  sometimes  produced. 

DEFmiTioK  OF  Rock. 

The  crust  of  the  earth  consists  of  various  different  ma- 
terials, produced  at  different  successive  periods,  occupying 
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certain  definite  apaces,  and  not  confusedly  mixed  together, 
but,  on  the  contrary,  exhibiting  a  definite  and  discoverable 
order  of  arrangement  AU  these  materials,  however  dif- 
ferent in  appearance,  texture,  or  mineral  composition,  are 
called  "rocks"  by  the  geologist.  The  term  "rock,"  then, 
is  to  be  understood  as  applyii^  to  all  the  materials  which 
compose  the  crust  of  the  earth.  In  the  languc^e  of  geology, 
the  finest  mud,  the  loosest  sand,  and  the  most  incoherent 
gravel,  are  just  as  much  rocks  as  are  the  hardest  and  most 
compact  granites  or  limestones. 

Classification  of  Eockb. 

For  the  purposes  of  the  palaeontologist  all  the  rocks  which 
enter  into  the  composition  of  the  solid  exterior  of  the  earth 
may  be  divided  into  two  great  classes:  1.  The  Igneous 
Bocks,  which  are  formed  within  the  body  of  the  earth  itself, 
and  which  owe  their  structure  and  origin  to  the  action  of 
heat;  and  2.  the  Aqueous  or  Sedimentary  Eocks,  which  are 
formed  at  the  surface  of  the  earth,  and  which  owe  their 
structure  to  the  mechanical  action  of  water.  The  Igneous 
Bocks  are  principally  formed  below  the  surface  of  the  earth, 
are  as  a  general  rule  destitute  of  oi^anic  remains  or  fossils, 
and  are  mostly  in  the  form  of  ujidrutified  masses.  The  Aque- 
ous and  Sedimentary  Bocka  are  formed  at  the  surface  by 
the  disintegration  and  reconstruction  of  previously  existing 
rocks,  or  by  the  vital  chemistry  of  animals  or  plants,  are 
mostly  fossiliferous,  and  are  straiijied- — i.e.,  are  arranged  in 
distinct  layers  or  "  strata."  The  Sedimentary  Rocks,  as  con- 
taining fossils,  are  the  only  rocks  which  it  is  essential  for  the 
paleontologist  to  be  acquainted  with,  and  we  shall  very 
briefly  consider  their  leading  physical  characters,  their  chief 
varieties,  their  mode  of  origin,  and  their  historical  succession. 
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THE  FOSSILIFESOUS  ROCKS. 

The  Sedimentary  or  Fossiliferous  Bocks  form  tbe  gi«ater 
portion  of  that  part  of  the  earth's  crust  which  is  open  to 
our  examination,  and  are  diattnguiahed  by  the  fact  that 
they  are  regularly  "  atratilied,"  or  arranged  in  distinct  and 
definite  layers  or  "  strata."  These  layers  may  consist  of  a 
single  material,  as  in  a  block  of  sandstone,  or  they  may 
consist  of  difTerent  materials.  When  examined  on  a  lai^ 
scale,  they  are  alwaya  found  to  consist  of  alternations  of 
layers  of  different  mineral  composition.  We  may  examine 
any  given  area,  and  find  in  it  nothing  but  one  kind  of  loek 
— sandstone,  perhaps,  or  limestone.  In  all  cases,  however, 
if  we  extend  our  examination  sufficiently  far,  we  ahall  ulti- 
mately come  upon  different  rocks ;  and,  as  a  general  rule, 
the  thickness  of  any  particular  set  of  beds  is  comparatively, 
small,  so  that  different  kinds  of  rock  alternate  with  one 
another  in  comparatively  small  spaces. 

As  regards  the  origin  of  the  Sedimentary  Itocks,  they  are 
for  the  most  part  "  derivative  "  rocks,  being  derived  from  the 
wear  and  tear  of  pre-existent  rock.  Sometimes,  however, 
they  owe  their  origin  to  chemical  or  vital  action,  when  they 
would  more  properly  be  spoken  of  simply  as  Aqueous  Bocks. 
As  to  their  mode  of  deposition,  we  are  enabled  to  infer  that 
the  materials  which  compose  them  have  formerly  been  spread 
out  by  the  action  of  water,  from  what  we  see  going  on  every 
day  at  the  mouths  of  onr  great  rivers,  and  on  a  smaller  scale 
wherever  there  ia  running  water.  Every  stream,  where  it 
runs  into  a  lake  or  into  the  sea,  carries  with  it  a  burden  of 
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mad,  sand,  and  ronnded  pebbles,  derived  from  the  waste  of 
the  locks  which  form  its  bed  and  banks.  When  these 
materials  cease  to  be  impelled  by  the  force  of  the  moving 
water  they  sink  to  the  bottom,  the  heaviest  pebbles,  of 
coarse,  sinking  first,  the  smaller  pebbles  and  aand  next, 
and  the  finest  mud  last  Ultimately,  therefore,  as  might 
have  been  inferred  upon  theoretical  grounds,  and  as  is 
proved  by  practical  experience,  every  lake  becomes  a  recep- 
tacle for  a  series  of  stratified  rocks  produced  by  the  streams 
flowing  into  it.  These  deposits  may  vary  in  different  parts 
of  the  lake,  according  as  one  stream  brought  down  one  kind 
of  material  and  another  stream  contributed  another  materiali 
bat  in  all  cases  the  materials  will  bear  ample  evidence  that 
they  were  produced,  sorted,  and  deposited  by  running  water. 
The  finer  beds  of  clay  or  sand  will  all  be  arranged  in  thicker 
or  thinner  layers  or  laminse ;  and  if  there  are  any  beds  of 
pebbles  these  wiU  all  be  rounded  or  smooth,  just  like  the 
water-wom  pebbles  of  any  brook-course.  In  all  probability, 
also,  we  should  find  in  some  of  the  beds  the  remains  of 
fresh-water  shells  or  plants  or  other  organisms  which  inhab- 
ited the  lake  at  the  time  these  beds  were  being  deposited. 
•  In  the  same  way  lai^  rivers — such  as  the  Ganges  or 
Mississippi — deposit  much  of  the  material  which  they  bring 
down  at  their  mouths,  forming  in  this  way  their  "  deltas." 
Whenever  such  a  delta  is  cut  through,  either  by  man  or  by 
some  channel  of  the  river  altering  its  course,  we  find  that 
it  is  composed  of  a  succession  of  horizontal  layers  or  strata 
of  sand  or  mud,  varying  in  mineral  composition,  in  stmcture, 
or  in  grain,  according  to  the  nature  of  the  materials  brought 
down  by  the  river  at  different  periods.  Such  deltas,  also, 
will  contain  the  remains  of  animals  which  inhabit  the  river, 
with  fragments  of  the  plants  which  grew  on  its  banks,  or 
bones  of  the  animals  which  lived  in  its  basin. 

Lastly,  the  sea  itself  —  irrespective  of  the  materials 
delivered  into  it  by  rivers — is  constantly  preparing  fresh 
stratified  deposits  by  its  own  action.  Upon  every  coast-line 
the  sea  is  constantly  eating  back  into  the  land  and  reducing 
its  component  rocks  to  form  the  shingle  and  sand  which  we 
see  upon  every  shore.     The  materials  thus  produced  are  not. 
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however,  lost,  but  are  ultimately  deposited  elsewhere  in  the 
form  of  new  stratified  acGumulatione,  in  which  are  buried 
the  remains  of  animals  inhabiting  the  sea  at  the  tim^. 

Whenever,  then,  we  find  anywhere  in  the  interior  of  the 
land  any  aeries  of  beds  having  these  characters — composed, 
that  is,  of  distinct  layers,  the  particles  of  which,  both  lai^e 
and  small,  show  distinct  traces  of  the  wearing  action  of 
water — whenever  and  wherever  we  find  such  rocks,  we  are 
justified  in  aasuming  that  they  have  been  deposited  by  water 
in  the  manner  above  mentioned.  Either  they  were  laid  down 
in  some  former  lake  bj  the  combined  action  of  the  streams 
which  flowed  into  it ;  or  they  were  deposited  at  the  mouth  of 
some  ancient  river,  forming  its  delta ;  or  they  were  laid  down 
at  the  bottom  of  the  ocean.  In  the  first  two  cases,  any  fossils 
which  the  beds  might  contain  would  be  the  remains  of  fresh- 
water or  terrestrial  organisms.  In  the  last  case,  the  majority,  at 
any  rate,  of  the  fossils  would  be  the  remains  of  marine  animals. 

The  term  "  formation  "  is  employed  by  geologists  to  express 
"  any  group  of  rocks  which  have  some  character  in  common, 
whether  of  origin,  age,  or  composition  "  (Lyell) ;  so  that  we 
may  speak  of  stratified  and  unstratified  formations,  aqueous 
or  igneous  formations,  fresh-water  or  marine  formations,  and 
so  on. 

Chief  Divisions  of  the  Aqueods  Eocks. 

The  Aqueous  Bocks  may  be  divided  into  two  great  sections, 
the  Mechanically -formed  and  the  Chemically-formed,  includ- 
ing under  the  last  head  all  rocks  which  owe  their  origin  to 
vital  action,  as  well  as  those  produced  by  ordinary  chemical 
agencies. 

A.  Mechanically-formed  Rocks. — These  are  all  those 
Aqueous  Bocks  of  which  we  can  obtain  proofs  that  their 
particles  have  been  mechanically  transported  to  their  present 
site.  Thus,  if  we  examine  a  piece  of  conglomerate  or  pud- 
ding-stone, we  find  it  to  be  compOBed  of  a  number  of  rounded 
pebbles  embedded  in  an  enveloping  paste  or  matrix.  The 
pebbles  are  worn  and  rounded,  and  thus  show  that  they  have 
been  subjected  to  much  mechanical  attrition,  whilst  they 
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bave  been  mechftnically  transported  for  a  greater  or  lesa 
distance  from  the  rock  of  which  they  originally  formed  part. 
In  the  case  of  an  oidinary  aandstone,  the  component  grains 
of  sand  are  equally  the  result  of  mechanical  attrition,  and 
have  been  equally  transported  from  a  distance.  In  the  case 
of  still  finer  rocks,  such  as  shale,  the  particles  have  been  so 
much  water-worn  that  their  source  cannot  be  recognised, 
though  a  microscopical  examination  would  reveal  that  their 
edges  were  all  worn  and  rounded.  It  follows  from  this  that 
the  mechanically-formed  Aqueons  Bocks  are  such  as  can  be 
proved  to  have  been  derived  &om  the  abrasion  of  other  pre- 
existent  rock :  hence  they  are  often  spoken  of  as  '*  Derivative 
£ocks."  Every  bed,  therefore,  of  any  mechanically-formed 
rock,  is  an  exact  equivalent  of  a  corresponding  amount  of 
destruction  of  some  older  rock. 

The  mechanically-formed  Kocks  may  be  divided  into  the 
two  groups  of  the  Arenaceous  or  Siliceous  Bocks,  and  the 
Argillaceous  or  Aluminous  Rocks.  In  the  Arenaceous  group 
are  those  Aqueous  Eocks  which  are  mainly  composed  of 
smaller  or  larger  grains  of  flint  or  silica.  The  chief  varie- 
ties are  the  various  kinds  of  sand  and  sandstone,  grits,  and 
most  conglomeTates  and  breccias.  In  the  Argillaceous  group 
are  tiioae  Aqueous  Bocks  which  contain  a  certain  amount  of 
clay  or  hydrated  silicate  of  alumina.  Under  this  head  come 
clays,  shales,  marls,  clay-slate,  and  most  flags  or  flag-stones. 

B,  Chkmicuxt-fohmed  Eocks. — In  this  section  are  com- 
prised all  those  Aqaeoua  Bocks  which  have  been  formed  by 
chemical  agencies.  As  many  of  these  chemical  agencies, 
however,  are  exerted  through  the  medinm  of  living  beings, 
whether  animals  or  plants,  we  get  into  this  section  a  number 
of  vhat  may  be  called  "oiganically-formed*'  rocks.  The 
most  important  of  the  Chemically-formed  Eocks  are  the  so- 
called  Calcareous  Eocks,  comprising  all  those  which  contain 
a  large  proportion  of  carbonate  of  lime,  or  are  whoUy  made 
up  of  this  substance  ;  but  there  are  other  rocks,  of  difTerent 
composition,  which  are  formed  by  chemical  or  organic  agency, 
and  which  may  be  briefly  noticed. 

As  to  the  origin  of  the  so-called  Calcareovs  Rocks  (Lat. 
calx,  lime),  carbonate  of  lime  is  soluble  in  water  holding 
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a  certAin  amount  of  carbonic  acid  gaa  in  solution;  and 
it  ia  therefore  found  in  larger  or  smaller  quantity  dissolved 
in  all  natural  waters,  both  fresh  and  salt,  since  these  waters 
are  always  to  some  extent  charged  with  the  above-men- 
tioned solvent  gaa.  A  great  number  of  aquatic  animals, 
however,  t<^ther  with  some  aquatic  plants,  are  endowed 
with  the  power  of  separating  the  lime  thus  held  in  solu- 
tion in  the  water,  and  of  reducing  it  again  to  its  solid 
condition.  In  this  way  shell-fish,  crustaceanB,  sea-urchiue, 
corals,  and  an  immense  number  of  other  animals,  are  enabled 
to  construct  their  skeletons ;  whilst  some  plants  form  hard 
structures  within  their  tissues  in  a  precisely  similar  manner. 
We  do  meet  with  some  calcareous  deposits,  such  as  the 
"  stalactites  "  and  "  stalagmites  "  of  caves,  the  "  calcareous 
tufa  "  and  "  travertine  "  of  some  hot  springs,  and  the  spongy 
calcareous  deposits  of  so-called  "  petrifying  springs,"  which 
are  purely  chemical  in  their  origin,  and  owe  nothing  to  the 
operation  of  living  beings.  Such  deposits  are  formed  simply 
by  the  precipitation  of  carbonate  of  lime  from  water,  in  con- 
sequence of  the  evaporation  from  the  water  of  the  carbonic 
acid  gas  which  formerly  held  the  lime  in  solution ;  but,  though 
sometimes  forming  masses  of  considerable  thickness,  and  of 
geological  importance,  they  do  not  concern  us  here.  Almost 
all  the  limestones  which  occur  in  the  series  of  the  stratified 
rocks  are,  primarily  at  any  rate,  of  organic  origin,  and  have 
been,  directly  or  indirectly,  produced  by  the  action  of  certain 
lime-making  animals  or  plants,  or  both  combined.  The  pre- 
sumption as  to  all  the  calcareous  rocks,  which  cannot  be 
clearly  shown  to  have  been  otherwise  produced,  ia  that  they 
are  thus  organically  formed ;  and  in  many  cases  this  pre- 
sumption can  be  readily  reduced  to  a  certainty.  There  are 
many  varieties  of  the  calcareous  rocks,  but  the  following  are 
those  which  are  of  the  greatest  importance : — 

Chalk  is  a  calcareous  rock  of  a  generally  soft  and  pulveru- 
lent texture,  and  with  an  earthy  fracture.  It  varies  in  its 
purity,  being  sometimes  almost  wholly  composed  of  carbonate 
of  lime,  and  at  other  times  more  or  less  intermixed  with 
foreign  matter.  Though  usually  soft  and  readily  reducible 
to  powder,  dialk  is  occasionally,  as  in  the  north  of  Ireland, 
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tolerably  hard  and  compact ;  but  it  never  assumea  the  crys- 
talline aspect  and  stony  density  of  limestone,  except  it  be  in 
immediate  contact   with   some  mass  of  igneous  rock.     By 
means  of  the  microscope,  the  tme  nature  and  mode  of  for- 
mation of  chalk  can  be  determined  with  the  greatest  ease. 
In  the  case  of  the  harder  varieties,  the  examination  can  be 
conducted  by  means  of  slices  ground  down  to  a  thinness  auf- 
ficient  to  render  them  transparent;  but  in  the  softer  kinds 
the  rock  must  be  disintegrated  under  water,  and  the  debris 
examined  microscopically.     When  investigated  by  either  of 
these    methods,  chalk   is  found 
to  be  a  genuine   organic  rock, 
being   composed  of  the   shells 
or   hard   parts  of   innumerable 
marine     animals    of    different 
kinds,  some  entire,  some  fr^-    . 
mentary,  cemented  together  by     ' 
a  matrix  of  very  finely  granular 
carbonate   of  lime.       Foremost 
amongst    the    animal    remains 
which  so  largely  compose  chalk 
are    the  shells   of   the   minute       ^^  j._b«u<»  ^  G«T«™d  ciuuk. 

creatures     which    will     be     sub-      e™nln«l  by  tmumlttnl  light  and  highly 
f  J         ..  nmgniaed.    BmUh  Uk  mtlra  ihoU.  of 

sequently  spoken  oi  under  the  otobiftriia,  nctaiia,  ud  ivnnjariu, 
name  of  Foraminifera  (fig.  2),  ™,^  «'^''<o,^o"  "*  *''"*'' 
and   which,   in   spite    of    their 

microscopic  dimensions,  play  a  more  important  part  in  the 
process  of  lime-making  than  perhaps  any  other  of  the  larger 
inhabitants  of  the  ocean. 

As  chalk  is  found  in  beds  of  hundredn  of  feet  in  thickness, 
and  of  great  purity,  there  was  long  felt  much  difficulty  in 
satisfactorily  accounting  for  its  mode  of  formation  and  origin. 
By  the  reaearchea  of  Carpenter,  Wyville  Thomson,  Huxley, 
Wallich,  and  others,  it  has,  however,  been  shown  that  there 
is  now  forming,  in  the  profound  depths  of  our  great  oceans,  a 
deposit  which  is  in  all  essential  respects  identical  with  chalk, 
and  which  is  generally  known  as  the  "Atlantic  ooze,"  from  its 
having  been  first  discovered  in  that  sea.  This  ooze  is  found 
at  great  depths  (5000  to  over  15,000  feet)  in  both  the  At- 
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l&ntic  and  Pacific,  covering  enorniooely  lai^  areas  of  the 
sea-bottom,  and  it  presents  itself  as  a  whitish-brown,  sticky, 
impalpable  mud,  very  like  greyish  chalk  when  dried.     Chem- 
ical examination  shows  that  the  ooze  is  composed  almost 
wholly    of    carbonate    of    lime, 
and    microscopical   examination 
proves  it  to  be  of  organic  origin, 
and  to  be  made  up  of  the  re- 
mains of  living  beings.      The 
principal  forms  of  these  belong 
to    the   Foratninifera,  and   the 
commonest    of    these    are    the 
irregularly -chambered  shells  of 
Olohig^TUi,  absolutely  undistin- 
guiahable  from  the   OlobigerifuB 

Flg.8.-OrB»nLiiiu1ntheAllinticOoM,      °  " 

cbicBx  Faramihi/em  (aiaMfeHia  ui<i    wnicn  are  BO  largely  present  m 

rawinrioi,  with  Poivqirtiwi  Mid  iponge-      (l,„    „l,_1t    ffiir    ^1         Alnnir  with 

these  occur  fi^menta  of  the 
skeletons  of  other  larger  creatures,  and  a  certain  propor- 
tion of  the  tlinty  cases  of  minute  animal  and  vegetable 
organisms  {Polycystina  and  IHatorns).  Though  many  of  the 
minute  animals,  the  hard  parts  of  which  form  the  ooze,  un- 
doubtedly live  at  or  near  the  surface  of  the  sea,  others,  prob- 
ably, really  live  near  the  bottom ;  and  the  ooze  itself  forms 
a  congenial  home  for  numerous  sponges,  sea-lilies,  and  other 
marine  animals  which  flourish  at  great  depths  in  the  sea. 
There  is  thus  established  an  intimate  and  most  interesting 
parallelism  between  the  chalk  and  the  ooze  of  modem  oceans. 
Both  are  formed  essentially  in  the  same  way,  and  the  latter 
only  requires  consolidation  to  become  actually  converted  into 
chalk.  Both  are  fundamentally  organic  deposits,  apparently 
requiring  a  considerable  depth  of  water  for  their  accumulation, 
and  mainly  composed  of  the  remains  of  Ffn-amtni/era,  together 
with  the  entire  or  broken  skeletons  of  other  marine  animals 
of  greater  dimensions.  It  is  to  be  remembered,  however,  that 
the  ooze,  though  strictly  representative  of  the  chalk,  cannot 
be  said  in  any  proper  sense  to  be  actually  identical  with  the 
formation  so  called  by  geologists.  A  great  lapse  of  time 
separates  the  two,  and  though  composed  of  the  remains  of 
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representative  classes  or  groups  of  animiila,  it  is  only  in  the 
case  of  the  lowly^-organised  GldbigerincE,  and  of  some  other 
organisms  of  little  higher  grade,  tiiat  we  find  absolutely  the 
same  kinds  or  species  of  amimalfl  in  both. 

Lime^oTie,  like  chalk,  is  composed  of  carbonate  of  lime, 
sometimes  almost  pure,  but  more  commonly  with  a  greater  or 
less  intermixture  of  some  foreign  material,  such  as  alumina 
or  silica.  The  varieties  of  limestone  are  almost  innumerable, 
hot  the  great  m^ority  can  be  clearly  proved  to  agree  with 
chalk  in  being  essentially  of  orgaoic  origin,  and  in  being 
more  or  less  hugely  composed  of  the  remains  of  living  beings. 
In  many  instances  the  oiganic  remains  which  compose  lime- 
stone are  so  large  as  to  be  readily  visible  to  the  naked  eye, 
and  the  lock  is  at  once  seen  to  be  nothing  more  than  an 
agglomeration  of  the  skeletons,  generally  fragmentary,  of 
certain  marine  animals,  cemented  together  by  a  matrix  of 
carbonate  of  lime.  This  is  the  case,  for  example,  with  the 
so-called  "  Crinoidal  Limestones,"  and  "  Encrinital  Marbles  " 
with  which  the  geologist  is  so  familiar,  especially  as  occurring 
in  great  beds  amongst  the  older  formations  of  the  earth's 
crust.  Iliese  are  seen,  on  weathered  or  broken  surfaces,  or 
still  better  in  polished  slabs,  to  be  composed  more  or  less 
exclusively  of  t^e  broken  stems  and  detached  plates  of  sea- 
lilies  {Crinoida).  Similarly,  other  limestones  are  composed 
almost  entirely  of  the  skeletons  of  corals ;  and  such  old 
coralline  limestones  can  readily  be  paralleled  by  formations 
which  we  can  find  in  actual  course  of  production  at  the 
present  day.  We  only  need  to  transport  ourselves  to  the 
islands  of  the  Pacific,  to  the  West  Indies,  or  to  the  Indian 
Ocean,  to  find  great  masses  of  lime  formed  similarly  by  living 
corals,  and  well  known  to  every  one  under  the  name '  of 
"coral  reefs."  Such  reefs  are  often  of  vast  extent,  both 
superficially  and  in  vertical  thickness,  and  they  fully  equal 
in  this  respect  any  of  the  coralline  limestones  of  bygone 
ages.  Again,  we  find  other  limestones — sach  as  the  cele- 
brated "  NummulitiG  Limestone,"  which  sometimes  attains  a 
thickness  of  some  thousands  of  feet — to  be  almost  entirely 
made  np  of  the  shells  of  FoTa'minif&-a.  In  the  case  of 
the  "  Nammulitic  Limestone "  just  mentioned,  these  shells 
VOL.  I.  B 
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are  of  lai^  size,  vaiying  &om  the  size  of  a  split  pea  ap  to 
that  of  a  florin.  Very  mEuay  limeatones,  however,  are  made 
up  of  the  calcareous  caaes  of  much  smaller  forms  of  Fora- 
mini/era,  which  are  bo  miiiute  as  hardly  to  be  visible  to  the 
Baked  eye.  In  other  cases,  again,  we  find  limestones  to  be 
composed  so  largely  of  the  shells  of  various  of  the  true 
MoUusca,  that  we  may  regard  them  as  essentially  made  up 
of  the  skeletons  of  tliia  class  of  animals. 

At  the  present  day,  then,  limestone  is  in  process  of  forma- 
tion by  the  agency  of  various  animals,  amongst  which  the 
Corals,  the  Foraminifera,  and  the  MoUvMa  are  the  most 
important.  The  same  animals  have  also  been  the  principal 
agents  in  building  up  the  great  masses  of  limestone  which 
we  now  discover  in  the  crust  of  the  earth ;  but  in  the  case 
of  the  older  calcareouB  rocks  we  must  add  to  the  above  the 
CrinoidB,  as  having  formerly  contributed  on  an  immense  scale 
to  the  formation  of  limestone.  Nor  are  we  only  to  ascribe 
an  organic  origin  to  such  limestones  as  are  composed  of 
foasila  lai^e  enough  to  be  visible  to  the  unassisted  eye.  On 
the  contrary,  most  other  limestones  which  at  iirst  eight  ap- 
pear compact,  more  or  less  crystalline,  and  nearly  devoid  of 
traces  of  life,  are  found,  when  properly  examined,  to  be  also 
composed  of  the  remains  of  various  oiganisma.  All  the 
commoner  limestones,  in  fact,  from  the  Lower  SUurian 
period  onwards,  can  be  easily  proved  to  be  thus  organic 
rocks,  if  we  investigate  weathered  or  polished  sorfaces  with 
a  lens,  or,  still  better,  if  we  cut  thin  slices  of  the  rock  and 
grind  these  down  till  they  are  transparent  When  thus 
examined,  the  rock  is  iisually  found  to  be  composed  of  in- 
numerable entire  or  fragmentary  fossils,  cemented  t(^ther 
by  a  granular  or  crystalline  matrix  of  carbonate  of  lime 
(tigs.  4  and  6).  When  the  matrix  is  granular,  the  rock  is 
precisely  similar  to  chalk,  except  that  it  is  harder  and  less 
earthy  in  texture,  whilst  the  fossils  are  only  occasionally 
referable  to  the  Foraminijtra.  In  other  cases,  the  matrix  is 
more  or  less  crystalline,  and  when  this  crystsllisation  has 
been  carried  to  a  great  extent,  the  original  organic  nature  of 
the  rock  may  he  greatly  or  completely  obscnred  thereby. 
Thus,  in   limestones  which  have  been  greatly  altered  or 
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"  metamoTphosed  "  by  the  combined  action  of  heat  and  pree- 
sure,  all  traces  of  oi^anic  remains  become  annihilated,  and 
the  rock  beeomee  completely  crystaUine  tliroughout     This, 


ubonftefoni  LJoM'  Kg.  S.  —  Bectioa  of  Coaliton  Limestone 

■tana  bom  SpergBD  Hill,  Indluu.  U.S.,  (Law«i  BiluriBO)  trom  Kt\iltj,  Wealinor- 
ritunrtag  nameioiu  Uise-ilzed  ForamUifiira  lud ;  nugnlfled.  The  mstiii  la  ver;  couw- 
(BiidiilXfim)  uid  B  ten  oolttio  gndni  mag-  I7  cryitalUoe,  ud  Uie  tDcludsd  orgmiK  re- 
niBol.    (Oiigiiul.}  aitla*  in  chlefl;  'leaa  01  CrlnoiiK.     (Orl- 

glnlJ-) 

for  example,  Ib  the  case  with  the  ordinary  white  "  stat- 
uary marble,"  slices  of  which  exhibit  under  the  microscope 
nothing  but  an  aggregate  of  beautifully  transparent  crystals 
of  carbonate  of  lime,  without  the  smallest  traces  of  fossils. 
There  are  also  other  cases,  where  the  limestone  is  not  neces- 
sarily highly  crystalline,  and  where  no  metamorphic  action 
in  the  strict  sense  has  taken  place,  in  which,  nevertheless, 
the  microscope  fails  to  reveal  any  evidence  that  the  rock  is 
organic.  Such  cases  are  somewhat  obscure,  and  doubtless 
depend  on  different  causes  in  different  instances ;  but  they 
do  not  affect  the  important  generalisation  that  limestones 
are  fundamentally  the  product  of  the  operation  of  living 
beings.  This  fact  remains  certain ;  and  when  we  consider 
the  vast  superficial  extent  occupied  by  calcareous  deposits, 
and  the  enormous  collective  thickness  of  these,  the  mind 
cannot  fail  to  be  impressed  with  the  immensity  of  the  period 
demanded  for  the  formation  of  these  by  the  agency  of  sach 
humble  and  often  microscopic  creatures  as  Corals,  Crinoida, 
Foraminifers,  and  Mollusca. 

As  is  the  case  with  the  ordinary  limestones  and  marbles, 
so  also  the  various  kinds  of  magntstan  limestone  and  dolomite 
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are  easentially  organic  in  their  origin,  and  are  lei^ely  made 
up  of  the  remains  of  marine  animals.  M^nesian  limestones 
are,  however,  very  often  more  or  less  highly  erystaUine,  and 
they  are  very  often  sii^ularly  affected  by  "  concretionary  " 
action,  so  that  their  primitive  composition  and  structure  is 
often  more  or  less  completely  destroyed. 

Kor  is  it  only  through  the  agency  of  animals  that  lime- 
stones are  built  up.  Many  of  the  calcareous  AlgEe  —  the 
"  Corallines  "  and  "  Nullipores  " — are  capable  of  forming 
accumulations  of  lime,  sometimes  upon  a  most  extensive 
scale.  One  of  the  best  examples  of  a  limestone  formed 
principally  of  the  calcareous  skeletons  of  these  singular 
plants  is  afforded  by  the  so-called  "  Leitha-Kalk "  of  the 
Tertiary  series.  This  limestone  is  largely  composed  of 
nodulated  masses,  which  exhibit  no  definite  structure  to  the 
eye,  and  which  were  originally  set  down  as  "  concretions  "  (fig. 
6).  Microscopic  examination  of  these  apparently  inorganic 
9  shows,  however,  that  we  have  to  deal  here  with  the 


Fig.  e.— I,aAi>lViK>iIuiii  mmoiIutoNM,  a  cilcinoDg  AlgE.  ftvm  Uic  LeIIha-Eilk  at  Uif 
Vienna  BaHln.  o,  Portion  of  a  maia,  uf  the  nitanl  dn ;  A  and  c,  Ttanavene  and  vertlcid 
aectiona  of  Uie  aame  maguilled  310  dlanietera.    A(t«  GOmbeL 

calcareous  skeletons  of  a  kind  of  NulHpore  (Lithothamniuvi). 
The  Leitha-Kalk  is  not  only  extensively  developed  in  the 
Austro-Huugarian  empire,  but  can  be  traced  through  Bosnia 
into  Turkey,  and  appears  to  be  continued  through  Asia  Minor 
into  Armenia  and  Persia.  Similar  calcareous  Algoe  are  found 
in  many  of  the  Secondary  limestones;  and  the  Palaeozoic  lime- 
stones will  also,  doubtless,  be  found  In  time  to  contain  the 
skeletons  of  these  plants  to  some  extent 

Phosphate  of  lime  is  another  lime-salt,  which  is  of  interest 
to  the  pal£eontol(^t.  It  does  not  occur  laigely  in  the  stra- 
tified series,  but  it  is  found  in  considerable  beds^  in  the 

■  Apart  tima  the  oinjurTeQce  of  phosphate  of  lime  in  actual  beds  in  the  strati- 
fied rocks,  as  in  the  Lanrentian  and  Siluritn  series,  this  salt  may  also  occur 
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Xamentian  formation,  and  less  abundantly  in  aome  later 
rock -groups,  whilst  it  occun  abundantly  in  the  form  of 
nodules  in  the  parta  of  the  Cretaceous  (Upper  Greensand) 
and  Tertiary  deposits.  Phosphate  of  lime  forms  the  larger 
proportion  of  the  earthy  matters  of  the  bones  of  Vertebrate 
animals,  and  also  occutb  in  less  amount  in  the  skeletons  of 
certain  of  Uie  Invertebrates  (e.g.,  Lingvla,  among  the  Brachio- 
pods ;  Comdaria  and  Them,  among  the  Fteropods ;  and  the 
Cru^acea  generally).  It  is,  indeed,  perhaps  more  distinctively 
than  carbonate  of  lime,  an  organic  compound ;  and  though 
the  formation  of  many  known  deposits  of  phosphate  of  lime 
cannot  be  positively  shown  to  be  connected  with  the  previous 
operation  of  living  beings,  there  is  room  for  doubt  whether 
this  salt  is  not  in  reality  always  primarily  a  product  of  vital 
action.  The  phosphatic  nodules  of  the  Upper  Greensand 
are  erroneously  called  "  coprolites,"  from  the  belief  originally 
entertained  that  they  were  the  fossilised  escrements  of 
extinct  animals ;  and  though  this  is  not  the  case,  there  can 
be  little  doubt  but  that  the  phosphate  of  hme  which  they 
contain  is  in  this  instance  of  organic  origin.^  The  true 
"  coprolites  " — that  is,  the  petrified  excreta  of  fishes,  reptiles, 
and  mammaLs — are  also  largely  composed  of  phosphate  of 
lime. 

The  last  lime-salt  which  need  be  mentioned  is  gypsum,  or 
sulphate  of  lime.  This  substance,  apart  from  other  modes 
of  occurrence,  is  not  uncommonly  found  interstratified  with 
the  ordinary  sedimentary  rocks,  in  the  form  of  more  or  less 
irregular  beds ;  and  in  these  cases  it  has  a  palEeontoIogicsI 

diawtninated  through  tha  rock,  when  it  can  only  be  detected  by  chemical 
aoalTiia.  It  U  intererting  to  note  that  Dr  Bicka  has  receotly  proved  the 
occnirmce  of  phoaphate  of  lime  ia  tbie  diasaminated  foim  io  rocIiH  sa  old  aa 
the  Cambriaa,  and  tb&t  in  qnantity  quite  eqnal  to  what  ia  generally  found  to 
be  pment  in  the  liter  fossiliferona  rocka.  Thie  afibrda  a  chemical  proof  that 
uuintd  life  flooriihed  abundantly  in  the  Cambrian  seaa. 

'  It  bs*  been  maintained,  indeed,  that  the  phoaphatic  nodnlea  ao  largely 
woAed  for  agricDltaral  parpoeea,  aie  in  themaelTet  tctnal  organic  bodiea  or 
tnH  fonilB.  In  a  few  csaea  ^lia  admits  of  demonstration,  *a  it  on  be  ahown 
that  the  Dodnle  ia  aimply  an  organiam  (anch  as  a  gponge)  in&Itr*ted  with  phoa- 
pbftte  of  lime  <3ol]aa) ;  bat  there  are  many  nther  examples  in  which  no  actual 
•tnictiire  haa  yet  been  shown  to  eiist,  and  as  t«  the  true  origin  of  which  it 
would  be  hazaidona  to  offer  a  poaitire  opinion. 
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impottanoe,  as  occasionally  yielding  well-preserred  fossils. 
Whilst  its  exact  mode  of  origin  is  nncertain,  it  cannot  be 
r^arded  as  in  itself  an  oiganic  rock,  though  clearly  the 
product  of  chemical  action.  To  look  at,  it  .is  nsnally  a 
whitish  or  yellowish-white  rock,  ea  coarsely  crystalline  as 
loaf-augar,  or  more  bo  ;  and  the  microscope  shows  it  to  be 
composed  entirely  of  crystals  of  sulphate  of  lime. 

We  have  seen  that  the  calcareous  or  lime-containing  rocka 
are  the  most  important  of  the  group  of  oi^anic  deposits ; 
whilst  the  silicams  or  flint-containing  rocks  may  be  regarded 
as  the  most  important,  most  tjrpical,  and  most  generally  dis- 
tributed of  the  mechanically-formed  rocks.  We  have,  how- 
ever, now  briefly  to  consider  certain  deposits  which  are  more 
or  less  completely  formed  of  flint ;  hut  which,  nevertheless, 
are  essentially  oi^anic  in  their  origin. 

Flint  or  silex,  hard  and  intractable  as  it  is,  is  nerertbeless 
capable  of  solution  in  water  to  a  certain  extent,  and  even 
of  assuming,  under  certain  circumstances,  a  gelatinous  or 
viscous  condition.  Hence,  some  hot-springs  are  impregnated 
with  silica  to  a  considerable  extent ;  it  is  present  in  small 
quantity  in  sea-water;  and  there  is  reason  to  believe  that 
a  minute  proportion  most  very  generally  be  present  in  all 
bodies  of  fresh  water  as  well  It  is  from  this  silica  dissolved 
in  the  water  that  many  animals  and  some  plants  are  enabled 
to  construct  for  themselves  flinty  skeletons ;  and  we  find 
that  these  animals  and  plants  are  and  have  been  sufficiently 
numerous  to  give  rise  to  very  considerable  deposits  of  siliceous 
matter  by  the  mere  accumulation  of  their  skeletons.  Amongst 
the  animals  which  require  special  mention  in  this  connection 
are  the  microscopic  Polycystina.  These  little  creatures  are 
of  an  extremely  low  grade  of  oi^anisation,  very  closely 
related  to  the  Foraminifera,  but  difiering  in  the  fact  that 
they  secrete  a  shell  or  skeleton  composed  of  flint  instead  of 
lime.  The  Polyeyetina  occur  abundantly  in  our  present  seas ; 
and  their  shells  are  present  in  some  numbers  in  the  fora- 
miniferal  ooze  which  is  found  at  great  depths  in  the  Atlantic 
and  Pacific  oceans,  being  easily  recognised  by  their  exquisite 
shape,  their  glassy  transparency,  the  general  presence  of 
longer  or  shorter  spines,  and  the  sieve-like  perforations  in 
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the  walls.  In  many  places,  in  fact,  especially  in  the  colder 
portioDB  of  the  great  oceans,  or  at  veiy  great  depths,  the 
"  Globigerina  ooze  "  disappears,  and  its  place  is  taken  by  an 
ooze  composed  almost  wholly  of  the  shells  of  Polycystina. 
Similar  deposits,  made  up  of  the  flinty  skeletons  of  these 
Radiolatians,  have  been  formed  at  previous  periods  of  the 
earth's  history,  and  now  form  part  of  the  earth's  crust.  The 
two  most  famous  of  these  deposits  ocCUi  in  Barbadoes  and 
in  the  Kicobar  Islands,  the  former  being  well  known  to 
workers  with    the    microscope  as  the  "  Barbadoes   earth  " 

In  addition  to  flint-producing  animals,  we  have  also  the 
great  group  of  fresh-water  and  marine  microscopic  plants 


Fig,  T.  —  Bhclla  or  R>I|FF]ufli>a   fmid  Fig.  B.— Cuu  ol  Dlstoini  In  tlie  Rleh- 

"  Butsdoa  Hith:"  gtaitlr  n»snlHal.       isond  " Infn»riiU  suth ; ~  higlilT  miigiil- 
(Uiigiiia].)  Bed.    (Origliua.) 

known  as  Diatoms,  which  likewise  secrete  a  siliceous  skele- 
ton, often  of  great  beauty.  The  skeletons  of  Diatoms  are 
found  abundantly  at  the  present  day  in  lake-deposits,  guano, 
the  silt  of  estuaries,  and  in  the  mud  which  covers  many  part^ 
of  the  sea-bottom ;  they  have  been  detected  in  strata  of  great 
age ;  and  in  spite  of  their  microscopic  dimensions,  they  have 
not  uncommonly  accumulated  to  form  deposits  of  great 
thickness,  and  of  considerable  superficial  extent.  Thus  the 
celebrated  deposit  of  "  tripoli  "  ("  Polir-schiefer  ")  of  Bohemia, 
lai^ly  worked  as  polishing-powder,  is  composed  wholly,  or 
almost  wholly,  of  the  flinty  cases  of  Biatoms,  of  which  it  is 
calculated  that  no  less  that  forty-one  thousand  millions  go 
to  make  up  a  single  cubic  inch  of  stone.    Another  celebrated 
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deposit  is  the  so-called  "  Infusorial  earth "  of  Bichmond  in 
Virginia  (fig.  8),  vhere  there  is  a  stratom,  in  places  thirty 
feet  thick,  composed  almost  entirely  of  the  microscopic  shells 
of  Diatoms. 

Nodules  or  layers  of  fiitd,  or  the  impute  variety  of  flint 
known  as  t^vert,  are  found  in  limestones  of  almost  all  ages 
from  the  Silurian  upwards ;  but  they  are  especially  abundant 
in  the  Chalk.  When  these  flints  are  examined  in  thin  and 
transpareDt  slices  under  the  microscope,  or  in  polished  sec- 
tions, they  are  found  to  contain  an  abundance  of  minute 
oi^anic  bodies — such  a^  Foraminifera,  sponge-spicules,  &c. 
— embedded  in  a  siliceous  basis.  In  many  instances  the 
flint  contains  larger  otganisms— such  as  a  Sponge  or  a  Sea- 
urchin.  As  the  flint  has  completely  surrounded  and  infil- 
trated the  fossils  ■which  it  contains,  it  is  obvious  that  it  must 
have  been  deposited  fixim  sea-water  in  a  gelatinous  condition, 
and  subsequently  have  hardened.  That  silica  is  capable  of 
assuming  this  viscous  and  soluble  condition  is  known ;  and 
the  formation  of  flint  may  therefore  be  regarded  as  due  to 
the  separation  of  silica  ftom  the  sea-water  and  its  deposition 
round  some  organic  body  in  a  state  of  chemical  change  or 
decay,  just  as  nodules  of  phosphate  of  lime  or  carbonate  of 
iron  are  produced.  The  existence  of  numerous  organic 
bodies  in  flint  baa  long  been  known ;  but  it  should  be 
added  that  a  recent  obs«ver  (Mr  Hawkins  Johnson)  asserts 
that  the  existence  of  an  organic  structure  can  be  demonstrated 
by  suitable  methods  of  treatment,  even  in  the  actual  matrix 
or  basis  of  the  flint^ 

In  addition  to  deposits  formed  of  flint  itself,  there  are 
other  siliceous  deposits  formed  by  certain  silicaies,  and  also 

'  It  has  been  userted  that  the  flints  of  the  cbslk  are  merely  foeail  epongea. 
No  eiplumtion  of  tbe  origin  of  flint,  however,  can  be  aatisfactoTj,  nnlem  it 
embraces  the  origin  of  chert  in  almost  ftll  great  timeatonei  f>om  tiie  Silnrian 
upwards,  aa  well  as  the  common  phenomenon  of  the  silicification  of  organic 
bodiea  (such  u  corab  and  Bbells)  which  are  known  with  certainty  to  have  been 
orlginallj  calcareons.  It  should  also  be  mentioned  that  somi  of  tbe  flints  of 
tbe  chalk  are  certainly  only  ateimdarily  of  organic  origin,  if  even  that.  This 
is  the  caae  with  the  tahaUr  maasea  of  flint  SlliDg  craaks  and  joints  in  tbe 
chalk.  These  masses  were  not  prodnced  contemparaDeonely  with  the  chalk, 
hat  have  been  formed  at  a  later  period  by  the  percolation  into  fissuna  of  the 
rock  of  water  holding  silica  in  solntion. 
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of  organic  origin.  It  has  been  shown,  namely — hy  obser- 
TatioDS  carried  out  in  onr  present  seas — that  the  shells  of 
Utramini/era  are  liable  to  become  completely  infiltrated  by 
silicates  (such  as  "  glauconite,"  or  silicate  of  iron  and 
potash).  Should  the  actual  calcareous  shell  become  dis- 
solved away  subsequent  to  this  infiltration  —  as  is  also 
liable  to  occur — then,  in  place  of  the  shells  of  the  For- 
amin^era,  we  get  a  correapouding  number  of  green  sandy 
grains  of  glauconite,  each  grain  beir^  the  cad  of  a  single 
shell.  It  has  thus  been  shown  by  Dr  Carpenter  that 
the  green  sand  found  covering  the  sea-bottom  in  certain 
localities  (as  found  by  the  Challenger  expedition  along 
the  line  of  Uie  Agulhas  current)  is  really  oi^anic,  and  is 
composed  of  casta  of  the  shells  of  Foraminifera.  Long 
before  these  observations  had  been  made,  it  had  been 
shown  by  Professor  Ehrenberg  that  the  green  sands  of 
various  geological  formations  are  often  composed  in  part  of 
the  internal  caste  of  the  shells  of  Foraminifera ;  and  we 
have  thus  another  and  a  very  interesting  example  how  rock- 
deposite  of  considerable  extent  and  of  geological  importance 
can  be  built  up  by  the  operation  of  the  minutest  living 
beings. 

As  regards  argillaceovs  deposits,  containing  alumina  or 
day  as  their  essential  ingredient,  it  cannot  be  said  that  any 
of  these  have  been  actually  shown  to  be  of  organic  origin. 
A  recent  observation  by  Sir  Wyville  Thomson  would,  how- 
ever, render  it  not  improbable  that  some  of  the  great  argil- 
laceoos  accumulations  of  past  geological  periods  may  be 
really  oi^anic.  This  distinguished  observer,  during  the 
cruise  of  the  Challenger,  showed  that  the  calcareous  ooze 
which  has  been  already  spoken  of  as  covering  lai^  areas 
of  the  floor  of  the  Atlantic  and  Pacific  at  great  depths, 
and  which  consists  almost  wholly  of  the  sheila  of  Foraminif- 
era, gave  place  at  still  greater  depths  to  a  red  ooze  consist- 
ing of  impalpable  clayey  mud,  coloured  by  oxide  of  iron, 
and  devoid  of  traces  of  organic  bodies.  As  the  existence  of  ■ 
this  widely  diffused  red  ooze,  in  mid-ocean,  and  at  such 
great  depths,  cannot  be  explained  on  the  supposition  that  it  is 
a  sediment  brought  down  into  the  sea  by  rivers.  Sir  Wyville 


D,!i,;,z.../CJOOgIc 


26  INTRODUCTION. 

Thomson  came  to  the  conclusion  that  it  was  probably 
formed  by  the  action  of  the  aea-water  upon  the  shells  of 
Fwaminifera.  These  shells,  though  mainly  consisting  of 
lime,  also  contAin  a  certain  proportion  of  alumina,  the 
former  being  soluble  in  the  carbonic  acid  dissolved  in  the 
sea-vater,  whilst  the  latter  is  insoluble.  There  would 
further  appear  to  be  grounds  for  believing  that  the  solvent 
power  of  the  sea-water  over  lime  is  considerably  increased 
at  great  depths.  If,  therefore,  we  suppose  the  shells  of 
Foramini/era  to  be  in  course  of  deposition  over  the  floor  of 
the  Pacific,  at  certain  depths  they  would  remain  unchanged, 
and  would  accumulate  to  form  a  calcareous  ooze ;  but  at 
greater  depths  they  would  be  acted  upon  by  the  water,  their 
lime  would  be  dissolved  out,  their  form  would  disappear, 
and  we  should  simply  have  left  the  small  amount  of 
alumina  which  they  previously  contained.  In  process  of 
time  this  alumina  would  accumulate  to  form  a  bed  of  clay ; 
and  as  this  clay  had  been  directly  derived  from  the  decom- 
position  of  the  shells  of  animals,  it  would  be  fairly  entitled 
to  be  considered  an  organic  deposit.  Though  not  finally 
established,  the  hypothesis  of  Sir  Wyville  Thomson  on  this 
subject  is  of  the  greatest  interest  to  the  palasontolt^st,  as 
possibly  serving  to  explain  the  occurrence,  especially  in  the 
older  formations,  of  great  deposits  of  argillaceous  matter 
which  are  entirely  destitute  of  traces  of  life.^ 

It  only  remains,  in  this  connection,  to  shortly  consider 
the  rock-deposits  in  which  carbon  is  found  to  be  present  in 
greater  or  less  quantity.  In  the  great  mf^ority  of  cases 
where  rocks  are  found  to  contain  carbon  or  carbonaceous 
matter,  it  can  be  stated  with  certainty  that  this  substance 
is  of  oi^anic  origin,  thoi^b  it  is  not  necessarily  derived  from 
v^etables."  Carbon  derived  from  the  decomposition  of 
fmimal  bodies  is  not  uncommon ;  though  it  never  occurs  in 
such  quantity  from  this  source  as  it  may  do  when  it  is 
derived  from  plants.  Thus,  many  limestones  are  more  or 
less  highly  bituminous ;  the  celebrated  siliceous  fli^  or  so- 

'  Tuifber  inTeatigstioDa  liave  thrown  donbt  apoa  the  above  theory,  and 
■eem  to  ravoiir  the  TLew  thkt  the  red  ooze  U  produced  by  the  decomposition 
of  Tolouiic  natter. 
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called  "  bituminous  schists "  of  Caithness  are  impTegnated 
with  oily  mattei  apparently  derived  from  the  decomposition 
of  the  numerous  fishes  embedded  in  them ;  Silurian  shales 
containing  Graptolites,  but  destitute  of  plants,  are  not  un- 
commonly "  anthracitic,"  and  contain  a  small  percentage  of 
carbon  derived  from  the  decay  of  these  zoophytes ;  whilst 
the  petroleum  so  largely  worked  in  North  America  has  not 
improbably  an  animal  origin.  That  the  fatty  compounds 
present  in  animal  bodies  should  more  or  less  extensively 
impregnate  foesiliferous  rock-masses,  is  only  what  might  be 
expected ;  but  the  great  bulk  of  the  carbon  which  exists 
stored  up  in  the  earth's  cnist  is  derived  from  plants ;  and 
the  form  in  which  it  principally  presents  itself  is  that  of 
coal.  We  shall  have  to  speak  again,  and  at  greater  length, 
of  coal,  and  it  is  sufficient  to  say  here  that  all  the  true 
coals,  anthracites,  and  lignites,  Bxe  of  oiganic  origin,  and 
consist  principally  of  the  remains  of  plants  in  a  more  or  less 
altered  condition.  The  bituminous  shales  which  are  found 
so  commonly  associated  with  beds  of  coal  also  derive  their 
carbon  primarily  from  plants ;  and  the  same  is  certainly, 
or  probably,  the  case  with  similar  shales  which  are  known 
to  occur  in  formations  younger  than  the  Carboniferous. 
Lastly,  carbon  may  occur  as  a  conspicuous  constituent  of 
rock-massee  in  the  form  of  graphite  or  Uaek-lead.  In  this 
form  it  occurs  in  the  shape  of  detached  scales,  or  of  veins  or 
atringe,  or  sometimes  of  regular  layers;^  and  there  can  be 
little  doubt  that  in  many  instances  it  has  an  oi^nic  origin, 
though  this  is  not  capable  of  direct  proof  When  present, 
at  any  rate,  in  quantity,  and  in  the  form  of  layers  associated 
with  stratified  rocks,  as  is  sometimes  the  case  in  the  Lau- 
rentian  formation,  tJiere  can  be  little  hesitation  in  regarding 
it  as  of  y^table  origin,  and  as  an  altered  coal. 

1  In  the  Hnrouian  foniutioii  at  Bteel  Rirer,  on  the  north  shore  of  Laka 
Superior,  there  eiiets  a  bed  of  carbonaceous  matter  vhich  ii  regularlj  in- 
tentratified  with  the  rarroundiog  rocks,  and  hM  «  thickness  of  from  30  to 
iO  fe«t.  Thii  bed  ii  ihown  by  chemical  analysii  to  contain  sboQt  60  per 
cent  of  cubon,  partly  in  the  form  of  graphite,  partly  in  the  form  of  antbre- 
cit«;  uid  there  can  be  little  doubt  but  Uiat  it  is  really  a  stntara  of  "mela- 
■Dorphic  "  coal. 
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SUCCESSION    OF  FORMATIONS— CONTEMPORANEITY   OF 
STRATA— GEOLOGICAL  CONTINUITY. 

DiFFEEENT   AgES   OF   THE   AQUEOUS   ROCKS. 

The  two  principal  tests  by  vhich  the  age  of  any  particular 
bed,  or  group  of  beds,  may  be  determined,  are  Buperposition 
and  organic  remains—*  third  teat  SQmetimes  being  afforded 
by  mineral  characters.  The  first  and  most  obvious  test  of 
the  age  of  any  aqueous  rock  is  its  illative  position  to  other 
rocks.  Any  bed  or  set  of  beds  of  sedimentary  origin  is 
obviously  and  necessarily  older  thwi  all  the  strata  -which 
surmount  it,  and  younger  than  all  those  upon  which  it 
rests.  It  is  to  be  remembered,  however,  that  superposition 
can  at  best  give  us  but  the  relative  age  of  a  bed  as  com- 
pared with  other  beds  of  the  same  region.  It  cannot  give 
us  the  absoltUe  age  of  any  bed ;  and  if  we  are  ignorant  of 
the  age  of  any  of  the  beds  with  which  we  may  be  deal- 
ing, we  have  to  appeal  to  other  tests  to  learn  more  than 
the  mere  order  of  snccession  in  the  p^icnlar  region  under 
examination. 

The  second,  and  in  the  long-run  more  available,  t^t  of 
the  ages  of  the  different  sedimentary  beds,  is  that  afforded 
by  their  organic  remains.  Still,  this  test  is  also  by  no 
means  universally  applicable,  nor  in  all  cases  absolutely 
conclusive.  Many  aqueous  rocks  are  unfossiliferous  throi^h 
a  thickness  of  hundreds,  or  even  thousands,  of  feet  of  little 
altered  sediments ;  and  even  amongst  beds  which  do  contain 
fossils,  we  often  meet  with  strata  of  a  few  feet  or  yards  in 
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tMckuess,  which  are  wholly  destitute  of  any  tiacea  of  life. 
Many  fossils,  again,  range  vertically  thiongh  many  groups 
of  strata,  and  in  some  cases  even  throi^h  several  formations. 
Such  fossils,  therefore,  if  occurring  by  themselves,  or  con- 
sidered apart  from  other  associated  organisms,  are  not  con- 
clusive as  to  Uie  age  of  any  particular  set  of  beds.  As  the 
result,  however,  of  combined  paheontological  and  geological 
lesearches,  it  is  now  possible  for  us  to  divide  the  entire 
series  of  stratified  deposits  into  a  number  of  definite  rock- 
groups  or  formations,  each  of  which  is  characterised  by 
possessing  an  assemble^  of  organic  remains  which  do  not 
occar  in  association  in  any  other  formation.  Such  an 
assembh^  of  fossils,  characteristic  of  any  given  formation, 
represents  the  life  of  the  particular  period  in  which  the 
formation  was  deposited.  It  follows  from  this,  that  when- 
ever we  can  get  a  group  or  collection  of  fossils  from  any 
particular  bed  or  set  of  beds,  there  is  rarely  any  difficulty 
in  determinii^  the  precise  geological  horizon  of  the  beds 
in  which  the  fossils  occur. 

With  certain  limitations,  however,  we  may  go  much  further 
than  this.  Not  only  are  the  great  formations  characterised 
by  special  and  characteristic  assemblages  of  animals  and 
plants ;  but,  in  a  general  way,  each  subdivision  of  each  for- 
mation has  ito  own  peculiar  fossils,  by  which  it  may  be  re- 
ct^oised  by  a  skilled  worker  in  palteontology.  Whenever, 
for  instance,  we  meet  in  Britain  with  the  fossils  known  as 
Gtraptohtes,  we  may  be  sure  that  we  are  dealing  with  Silu- 
rian Rocks.  We  may,  however,  go  much  further  than  this. 
If  the  Grapt4)lites  belong  to  certain  genera,  we  may  be  sure 
that  we  are  dealing  with  Lotver  Silurian  Rocks.  Further- 
more, if  certain  special  forms  are  present,  we  may  be  even 
able  to  say  to  wluit  exact  part  or  subdivision  of  the  Lower 
Silurian  series  they  belong. 

AH  these  conclusions,  however,  would  have  to  be  accom- 
panied by  a  tacit  but  well-understood  reservation.  No  Grap- 
tolites  have  ever  been  found  in  Britain  out  of  rocks  known 
upon  other  grounds  to  be  Silurian ;  but  there  is  no  reason 
why  they  might  not  at  any  time  be  found  in  younger  de- 
posits.    In  the  same  way,  the  species  and  genera  which  we 
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DOW  legaid  aa  characteristic  of  the  Lower  Silurians,  might  at 
any  time  be  found  to  have  survived  into  the  Upper  Silurian 
period.  We  should  never  forget,  therefore,  in  determining 
the  age  of  a  rock  by  palffiontolc^cal  evidence  alone,  that 
we  are  always  reasoning  upon  generalisations  which  are  the 
result  of  experience  alooe,  and  which  may  at  any  time  be 
overthrown  by  fresh  discoveries. 

CHttONOLOGICAL    SdGCESSION   OF   THE   AQUEOUS   EOCKS. 

As  the  result  of  observations  made  upon  the  superposition 
of  locks  in  different  localities,  &om  their  mineral  characters, 
and  from  their  included  fossils,  geologists  have  been  able  to 
divide  the  entire  stratified  series  into  a  number  of  different 
divisions  or  formations,  each  characterised  by  a  gmeral  uni- 
formity of  mineral  composition,  and  by  a  special  and  peculiar 
oBaemUage  of  organic  forms.  Each  of  these  primary  groups 
is  in  turn  divided  into  a  series  of  smaller  divisions,  charac- 
terised and  distinguished  in  the  same  way.  It  is  not  pre- 
tended for  a  moment  that  all  these  primary  rock-groups  can 
anywhere  be  seen  surmounting  one  another  regularly.  There 
is  no  region  upon  t^e  earth  where  all  the  stratified  forma- 
tions can  be  seen  tc^ther ;  and,  even  when  most  of  them 
occur  in  the  same  country,  they  can  nowhere  be  seen  all 
succeeding  each  other  in  their  regular  and  uninterrupted  suc- 
cession. The  reason  of  this  is  obvious.  There  are  many 
places — to  take  a  single  example — where  one  may  see  the 
Silurian  Bocks,  the  Old  Red  Sandstone,  and  the  Carboniferous 
Socks  succeeding  one  another  regularly,  and  in  their  proper 
order.  This  is  because  the  particular  region  where  this  occurs 
was  always  submei^ed  beneath  the  sea  while  these  formations 
were  being  deposited.  There  are,  however,  many  more  local- 
ities in  which  one  would  find  the  Carboniferous  Bocks  resting 
unconformably  upon  the  Silurians  without  the  intervention  of 
any  strata  which  could  be  referred  to  the  Old  Bed  Sandstona 
This  might  arise  from  one  of  two  causes:  1.  The  Silurians 
might  have  been  elevated  above  the  sea  immediately  after 
their  deposition,  so  as  to  form  dry  land  during  the  whole  of 
the  Old  Bed  period,  in  which  case,  of  course,  no  strata  of  the 
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age  of  the  Old  Bed  Sandetone  conld  poBBibly  be  deposited. 
2.  The  Old  Bed  Saadstoiie  might  have  been  deposited  upon 
the  Silarian,  and  then  the  whole  might  have  been  elevated 
above  the  sea,  and  subjected  to  an  amount  of  denudation 
snf&cient  to  remove  the  Old  Bed  Sandstone  entirely.  In 
this  case,  when  the  land  was  again  submerged,  the  Carbon- 
iferous Bocks,  or  any  younger  formation,  might  be  deposited 
directly  upon  Silurian  strata.  From  one  or  other  of  these 
causes,  then,  or  from  subsequent  disturbances  and  denuda- 
tions, it  happens  that  we  can  rarely  find  many  of  the  primary 
formations  following  one  another  consecutively  and  in  their 
regular  order. 

In  no  case,  however,  do  we  ever  find  the  Old  Bed  Sand- 
stone resting  upon  the  Carboniferous,  or  the  Silurian  Bocks 
reposing  on  the  Old  Bed  We  have  therefore,  by  a  compari- 
son of  many  different  areas,  an  established  order  of  succession 
of  the  stratified  formations,  as  shown  in  the  subjoined  ideal 
section  of  the  crust  of  the  earth  (fig.  9). 

The  main  subdivisions  of  the  Stratified  Bocks  are  known 
by  the  foDowing  names : — 

1.  Laurentian. 

2.  Cfonbrian  (with  Huronian  ?). 

3.  Silurian. 

4.  Devonian  or  Old  Bed  Sandstone. 

5.  Carboniferous. 

6.  Permian  )  .. 

■  r 

8.  Jurassic  or  Oolitic. 

9.  Cretaceous. 

10.  Eocene. 

11.  Miocene. 

12.  Pliocene. 

13.  Post-tertiary. 


•7   fj^     •     c  New  Bed  Sandstone. 
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Ideal  Section  op  the  Cbubi  of  the  Eabtb. 
Fig.  8. 
Foct-tertiiiry  and  B«c«Dt 
Plioceui. 
Uiocene. 

Cretaceooj. 

Oolitic  or  Jurusic. 

Trisnic. 

PeimUn. 


Devonian  or  Old  Red  Saadstoue. 


Cambrian. 
HDraniaD. 


Of  these  primary  groaps,  the  Laurentian,  Cambrian,  Silu- 
rian, Devonian,  Carboiiiferous,  and  Permian  are  collectively 
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grouped  tf^tlier  under  the  Dame  of  Primary  or  PaUeozoie 
Kecks  (Gr.  paiaioa,  ancient ;  toe,  life),  because  of  the  entire 
divergence  of  their  animala  and  plants  &om  any  now  exist- 
ing upon  the  globe.  The  Triassic,  Juraseic,  and  Cretaceous 
systems  are  grouped  ti^ther  as  the  Secondary  or  Mesozoic 
formations  (Gr.  tneaoa,  intermediate ;  zoe,  life),  because  their 
oigsnic  remains  are  intermediate  between  those  of  the  fal- 
seozoic  period,  and  those  of  more  modem  strata.  The  Eocene, 
Miocene,  Flioceue,  and  Fost-tertiaty  Bocks  are  grouped 
hither  under  tlie  head  of  Tertiary  or  Kaiaiozoie  Rocks  (Gr. 
Jeainot,  new ;  zoe,  life),  because  their  organic  remains  approxi- 
mate in  character  to  those  now  existing  npon  the  globe. 

As  regards  the  division  of  the  entire  series  of  stratified 
deposits  into  the  above  enumerated  primary  "formations," 
the  value  of  paUeontological  evidence  has  never  been  dis- 
puted. In  any  given  country,  it  would  be  possible,  un- 
doubtedly, to  determine  the  order  and  relative  succession  of 
the  great  formations,  to  some  extent  at  any  rate,  by  a  mere 
appeal  to  the  mineral  character  and  order  of  superposition 
of  the  rocks  themselves ;  but  it  is  perfectly  clear  that  this 
method  of  procedure  would  necessarily  break  down  totally 
the  moment  we  came  to  try  and  determine  what  were  the 
corresponding  formations  in  some  far-distant  region.  By  the 
stratigraphical  evidence  alone  we  could  determine  the  relative 
position  and  age,  for  example,  of  the  Silurian,  Devonian,  and 
Carboniferous  formations  in  Britain,  but  it  would  be  an 
entire  impossibility  to  identify  these  same  formations,  say  in 
North  America,  except  by  means  of  the  fossils  which  they 
contain.  So  far,  then,  as  this  goes,  no  question  has  ever  been 
raised  as  to  the  value  and  powers  of  Faleeontology ;  but  when 
we  come  to  consider  Uie  minor  rock-groups  included  in  these 
formations,  we  find  much  difference  of  opinion  as  to  the 
extent  to  which  the  evidence  of  the  fossils  is  available  in 
determining  stratigraphical  hoHzous.  Part  of  this  difference 
of  opinion  is  due  to  imperfect  acquaintance  on  the  part  of 
Btmtigraphical  geologists  with  the  methods  of  palseontologi- 
cal  inquiry,  and  needs  no  discussion  here ;  but  part  is  well 
founded,  and  either  arises  from  actual  defects  in  the  modes 
of  research  employed  by  palaeontologists,  or  is  due  to  the  fact 
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that  the  lawa  ot  the  distribution  of  fossil  organisms  are  not 
always  the  same  in  different  formations,  and  that  they  are 
liable  to  vary  under  conditions  which  are  only  partially  or 
not  at  all  understood.  To  both  these  points  our  attention 
may  be  directed  for  a  few  moments. 

As  r^ards  imperfections  in  the  methods  of  palaeontolc^cal 
research,  by  far  the  moat  important  arises  from  the  fact  that 
&r  too  much  weight  has  been  attached  by  observers,  espe- 
cially in  the  earlier  periods  of  the  science,  to  the  age  of  the 
rocks  in  which  any  given  fossil  occurred.  So  long  as  the 
opinion  was  current  that  fossils  occurring  in  different  for- 
mations must  be  different,  it  followed  of  necessity  that  the 
smallest  and  most  trivial  varietal  or  even  individual  pecu- 
liarities of  form  or  structure  were  considered  as  sufficient  to 
establish  specific  distinction.  At  present,  however,  palieon- 
tologists  are  tolerably  agreed  that  the  mere  fact  of  a  differ- 
ence of  physical  position,  and  consequently  of  age,  ought 
never  to  be  taken  into  account  at  all  in  considering  the  true 
affinities  and  systematic  position  of  a  fossil.  At  the  same 
time  it  is,  for  many  reasons,  most  important  that  paleontolo- 
gists should  have  a  general  personal  acquaintance  with  the 
rocks  in  which  occur  any  fossils  that  they  may  have  to 
examine  and  describe ;  and  many  errors  have  arisen  from 
the  neglect  of  this  sound  rula 

Again,  palseontolc^ists  are  not  agreed  as  to  the  relative 
value  of  different  daases  of  fossils  in  determining  the  ^e  and 
stratigraphical  position  of  the  rocks  in  which  they  occur. 
If  all  the  fossils  point  towards  the  same  conclusion,  there 
iB,  of  course,  no  difficulty  in  the  matter ;  but  it  sometimes 
happens  that  the  vegetable  fossils  of  a  given  formation  would 
lead  one  to  conclude  that  it  was  of  a  given  i%e,  whereas  Uie 
Invertebrate  or  Vertebrate  fossils  would  induce  us  to  place 
it  at  some  different  horizon  in  the  stratified  series.  There 
has  thus  arisen  a  controversy  as  to  the  relative  value  of 
plants  and  animals  as  tests  of  the  age  of  a  given  series  of 
rocks;  and  in  at  least  two  instances  this  controversy  has 
affected  questions  of  considerable  general  importance.  In 
one  of  the  cases  referred  to,  we  find  plants  which  are  ad- 
mitted to  be  the  same  as  those  of  the  Coal-measures  (Car- 
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boniferona)  coexisting  witd  fishes  and  other  animal  fossils 
-wMcb  are  equally  admitted  to  be  characteristic  of  the  later 
formation  of  the  New  Eed  Sandstone  (Permian).  This 
conjunction  of  an  ancient  flora  with  a  more  modem  fanna 
occurs  in  the  gas -coals  of  Bohemia,  and  much  difference 
of  opinion  hae  been  expressed  as  to  the  proper  interpreta- 
tion to  be  placed  upon  the  facts.  If  vg  regard  the  plants 
alone,  we  must  place  the  beds  in  question  in  the  Carbon- 
iferous formation,  whereas  if  we  look  to  the  animal  remains 
alone,  we  should  with  an  equal  absence  of  hesitation  refer 
the  strata  to  the  Penman.  A  still  more  important  case 
of  an  essentially  similar  nature  occurs  in  North  America, 
and  conceruB  the  boundary-line  between  the  Cretaceous  for- 
mation and  the  Tertiary,  two  groups  of  rocks  which  in  the 
Old  World  are  separated  fay  an  extraordinarily  abrupt  and 
conspicuous  line  of  demarcation.  In  North  America  wo 
find  a  series  of  rocks  which  contain  unquestioned  Cretaceous 
fossils,  and  another  great  group  of  deposits  which  are  charged 
wiUi  an  equally  unequivocal  series  of  Tertiary  fossils ;  but 
between  these  there  is  an  immense  series  of  beds — some  four 
thousand  feet  in  thickness — which  contains  the  remains  of 
undoubted  Cretaceous  Invertebrate  and  Vertebrate  animals 
mixed  with  a  vast  number  of  regular  and  unquestionable 
Tertiary  plants.  If  we  look  to  the  animals,  we  must  place 
this  series  (known  as  the  "  Lignitic  Series,"  from  the  presence 
in  it  of  beds  of  lignite)  in  the  Cretaceous ;  whereas  from  the 
evidence  of  the  plants  alone  we  should  have  to  consider  it 
as  the  base  of  the  Tertiary,  Upon  the  whole,  however,  and 
without  entering  into  any  detailed  discussion  of  the  question, 
it  would  appear  that  in  all  such  cases  plants  have  a  much 
smaller  value  as  tests  of  the  geological  position  and  age  of 
the  beds  in  which  they  occur  than  may  be  justifiably  at- 
tached to  the  remains  of  the  Marine  Invertebrates,  while 
these,  again,  are  inferior  in  this  respect  to  the  remains  of 
Vertebrates.  Judging  by  this  canon,  in  which  most  author- 
ities are  now  agreed,  the  Bohemian  gas-coals  must  be  con- 
sidfflvd  as  Permian,  and  the  great  lignitic  series  of  North 
America  must  be  considered  as  forming  the  summit  of  the 
Cretaceous  series. 


.obyGooglc 


36  INTBODUCnOK. 

Lastly,  there  are  cases  in  which  the  distribution  of  fossil 
orfjranisms  in  different  formations  differs  so  much,  or  presents 
such  peculiarities,  that  we  may  reasonably  suppose  it  to  have 
been  conditioned  by  the  special  circumstances,  perhaps  now 
undiscoverable,  afTecdng  the  deposition  of  the  strata  of  these 
formations.  Thus,  in  some  cases,  as,  for  example,  in  the 
Carboniferous  limestone  series,  we  jiud  that  the  same  fossils 
characterise  the  entire  series  from  top  to  bottom — speaking 
roi^hly,  at  any  rate — and  that  special  kinds  of  fossils  are 
not  restricted  to  special  horizoos  in  the  series.  This  ap- 
parent diffusion  of  the  same  kinds  of  fossils  from  the  base 
to  the  summit  of  a  series  of  beds  perhaps  two  or  three 
thousand  feet  in  thickness,  may  of  course  he  simply  due  to 
the  fact  that  we  have  not  sufficiently  investigated  the  oi^nic 
remains  met  with  in  the  formation,  and  have  not  determined 
with  sufficient  precision  the  exact  horizons  at  which  each 
occurs.  This  is  a  work  of  time,  and  demands  both  great 
stratigraphical  knowledge  and  also  a  wide  and  accurate 
acquaintance  with  the  characters  of  the  fossils  themselves — 
two  requirements  rarely  fulfilled  in  the  same  individual. 
Still  there  are  reasons  for  believing  that  in  certain  forma- 
tions, the  common  and  characteristic  fossils  range  irom  the 
top  to  the  bottom  of  the  series,  so  that  it  would  not  be  pos- 
sible to  determine  by  means  of  the  fossils  the  precise  position 
in  the  series  of  any  given  bed.  On  the  other  hand,  there 
are  cases  in  which  the  fossils  of  a  given  formation  may  be 
divided  into  two  principal  groups.  In  the  one  group  is  com- 
prised a  series  of  common  forma  of  life  which  may  be  re- 
garded as  characterieing  the  formation  as  a  whole.  In  the 
other  group  are  included  certain  special  fossils  which  are 
confined  to  particular  parts  of  the  formation,  and  which  are 
characteristic  of  certain  definite  horizons  or  zones  within  the 
Umits  of  the  formation.  All  the  great  formations  aie  to 
some  extent  capable  of  being  broken  up  into  minor  rock- 
groups,  characterised  by  special  life-forms.  Some  of  the 
differences  in  the  kinds  of  fossils  found  in  different  parts  of 
the  same  formation  must,  of  course,  be  simply  set  down  to 
the  fact  that  different  kinds  of  sediment  imply  changed  con- 
ditions in  the  sea,  and  hence  changes  in  the  marine  fauna. 
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If,  for  example,  part  of  a  formation  conBisted  of  limeetoDe 
and  part  of  sandstone,  we  should  expect,  beforehand,  to  find 
that  each  of  these  rock-groups  would  have  some  fossils  not 
found  in  the  other,  since  the  two  would  have  been  formed 
under  different  conditions.  Apart,  however,  from  differences 
arising  from  causes  of  this  nature,  we  meet  with  cases  in 
which  a  formation,  even  if  essentially  homogeneous  in  its 
mineral  nature,  can  be  divided  into  non^,  each  of  which  is 
characterised  by  the  possession  of  special  groups  of  fossils. 
The  most  celebrated  cose  of  this  subdivision  of  a  formation 
by  means  of  its  fossils  is  that  afforded  by  the  Lias.  This 
great  and  essentially  ai^illaeeous  formation  can  be  divided 
into  a  number  of  amea,  each  of  which  is  characterised  by 
possessing  some  special  fossils,  and  particularly  by  some 
special  Anunoiiite.  These  zones  are  extremely  constant,  and 
they  are  traceable  wherever  the  formation  is  fully  developed, 
and  has  been  fully  examined,  in  Europe ;  so  that  they  enable 
ofl  to  effect  a  division  of  the  formation  into  special  horizons, 
which  have  no  stratigrapbical  existence,  and  are  not  sepaiv 
ated  by  any  physical  break,  but  which  are  of  the  utmost 
palseontological  importance,  and  which  can  be  rendered 
readily  available  in  working  out  the  stratigraphy  of  the 
formation.  Similar  "  zones  "  are  recognisable  in  the  other 
Jurassic  rocks  and  in  the  Cretaceous  system ;  and  it  is 
tolerably  certain  that  in  time  we  shall  be  able  to  establish 
a  similar,  if  less  perfect,  series  of  palsontological  divisions  in 
all  the  great  formations. 

The  principal  difiiculty  that  we  have  to  con&ont  in  deal- 
ing with  these  "  zones,"  is  to  produce  any  plausible  explana- 
tion accounting  for  the  destruction  of  the  special  life-forms 
of  the  one  zone  and  the  appearance  of  those  of  the  next  zone. 
For  the  most  part  these  zones  are  of  very  limited  vertical 
extent,  and  they  succeed  each  other  in  such  a  manner  as 
totally  to  preclude  the  idea  that  the  dying  out  of  the  old 
forms  can  have  been  in  any  way  caused  by  any  physical  dis- 
turbance of  the  area.  Perhaps  the  most  probable  view  to 
adopt  in  the  meanwhile  is,  that  the  formations  in  which  dis- 
tinct and  limited  life-zones  can  be  recognised  were  deposited 
with  extreme  slowness,  whereas  those  which  show  an  essen- 
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titdly  compact  and  homogeneouB  fauna  front  base  to  anmnut 
were  deposited  with  comparative  rapidity.  Upon  this  view, 
a  formation  like  the  Lias  is  one  formed  by  a  process  of  very 
slow  and  intermittent  sedimentation,  the  life -zones  being 
separated  by  intervals,  during  which  sedimentation  must 
have  been  at  a  stand-still,  but  which  were  long  enough  to 
allow  of  more  oi  less  considerable  biological  changes,  some 
forms  dyiog  out,  or  becoming  modified,  while  other  new  ones 
came  in.  Upon  this  view,  further,  a  formation  like  the  Lias, 
though  of  comparatively  small  vertical  extent,  may  represent 
as  long  a  period  of  time  as  the  whole  of  such  a  great  forma* 
tion  as  the  Carboniferous,  which  appears  to  have  been  formed 
under  conditions  of  comparatively  rapid  sedimentation. 

CoNTEMPOEANErry  OF  Strata. 

When  groups  of  beds  in  different  parts  of  the  earth's  sur- 
face, however  widely  separated  from  one  another,  contain  the 
same  fossils,  or  rather  an  assemblt^  of  fossils  in  which  many 
identical  forms  occur,  they  are  ordinarily  said  to  be  "  contem- 
poraneous ; "  that  is  to  say,  they  are  ordinarily  supposed  to 
belong  to  the  same  geolc^ical  period,  and  to  have  been  formed 
At  the  same  time  in  the  history  of  the  earth.  They  would 
therefore  be  unhesitatingly  regarded  as  "  geolt^cal  equiva- 
lents," and  would  be  classed  as  Silurian,  Devonian,  Carbon- 
iferous, and  BO  on.  It  is  to  be  remembered,  however,  that  it 
is  not  necessary,  to  establish  such  a  degree  of  equivalency 
between  widely  separated  groups  of  strata,  that  the  fossils  of 
each  should  be  to  any  great  extent  gpecifically  identical  It 
is  sufficient  that,  whilst  some  few  species  are  identical  in 
both,  the  majority  of  the  fossils  should  be  "  representative 
forms,"  or,  in  other  woi'ds,  nearly  allied  species.  It  will  be 
shown,  however,  that  groups  of  strata  widely  removed  from 
one  another  in  point  of  diaiaiice  can  only  exceptionally  be 
'"  contemporaneous,"  in  the  strict  sense  of  this  term.  On  the 
contrary,  in  so  far  as  we  can  judge  from  the  known  facts  of 
the  present  distribution  of  livii^  beings,  the  occurrence  of 
exactly  the  same  fossils  in  beds  far  removed  from  one  another 
is  primd  facie  evidence  that  the  strata  are  not  exactly  con- 
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temporsneous,  but  that  they  succeeded  one  another  in  point 
of  time,  though  by  no  long  interval  geolc^ically  speaking. 

MoBt  of  the  facta  bearing  upon  this  question  may  be  elicited 
by  a  consideration  of  such  a  widely  extended  and  well-known 
formation  as  the  Mountain  Limestone  or  Sub-Carboniferous 
Limestone.  This  formation  occurs  in  localities  as  remote 
from  one  another  as  Europe,  Central  Asia,  !North  America, 
South  America,  and  Australia ;  and  it  is  characterised  by  an 
assemblage  of  well-marked  fossils,  amongst  which  Brachio- 
pods  belonging  to  the  genus  Producta  may  be  specially 
singled  out  Now,  if  we  believe  that  the  Carboniferous 
Limestone  in  all  these  widely  distant  locaKties  was  strictly 
contemporaneous,  we  should  be  compelled  to  admit  the  ex- 
istence of  an  ocean  embracing  all  these  points,  and,  in  spite 
of  its  enormous  extent,  so  uniform  in  temperature,  depth,  and 
the  other  conditions  of  marine  life,  that  beings  either  the 
same  or  very  nearly  the  same  inhabited  it  from  end  to  end. 
We  can,  however,  point  to  no  such  uniformity  of  conditions 
and  consequent  uniformity  of  life  over  any  such  vast  area  at 
the  present  day ;  and  we  have  therefore  no  right  to  assume 
that  this  is  the  true  explanation  of  the  facts.  *  Indeed  this 
explanation  would  almost  necessarily  lead  ua  to  the  now 
abandoned  theory  that  each  period  in  geological  history  was 
characterised  by  a  special  group  of  organisms  spreading  over 
the  whole  globe,  and  that  there  took  place  at  ihe  close  of 
each  period  a  general  destruction  of  all  existing  forms  of  life, 
and  a  fresh  creation  of  the  new  forms  characteristic  of  the 
next  period. 

In  our  inability,  then,  to  accept  this  view,  we  must  seek 
for  some  other  explanation  of  the  observed  facta.  The  most 
probable  view,  and  the  one  which  is  supported  most  strongly 
both  by  what  we  see  at  the  present  day  and  by  what  we  learn 
from  numerous  examples  in  past  time,  is  this :  The  Carbon- 
iferous Limestone  was  not  deposited  all  over  the  world  in 
one  given  period,  by  one  sea,  or  at  exactly  the  same  time ; 
so  that  it 'cannot  be  said  to  be  «fWc^2y  "  contemporaneous " 
wherever  it  is  found.  This  would  imply  a  uniformity  of 
conditions  over  vast  distances,  such  as  exists  nowhere  at  the 
present  day,  and  such  as  we  have  no  right  to  assume  ever 
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existed.  On  the  contnuy,  the  deposition  of  the  CarhonifeKms 
Limestone  must  have  first  taken  place  in  one  compeistively 
limited  area — say  in  Europe — where  fitting  conditions  were 
present  hoth  for  the  animals  which  characterise  it,  and  for 
the  formation  of  beds  of  its  peculiar  mineral  and  physical 
characters.  How  wide  this  area  may  have  been,  signifies 
very  little.  It  may  have  been  as  lai^e  as  the  area  now 
covered  by  the  Pacific,  or  larger,  and  yet  it  could  not  inclnde 
all  those  localities  in  which  strata  of  Carboniferous  age  with 
identical  or  representative  fossils  are  already  known  to  exist. 
Under  any  circuustanceB,  some  dispersion  of  the  species  of 
the  original  Carboniferous  area  must  have  been  going  on  by 
the  ordinary  processes  of  migration  from  the  commencement 
of  the  Carboniferous  period,  but  this  dispersion  must  have 
been  greatly  accelerated  towards  the  close  of  the  period  of 
the  deposition  of  the  Carboniferous  Limestone.  At  this  time 
the  conditions  present  in  the  ordinal  area  must  be  supposed 
to  have  become  unsuitable  for  the  further  existence  in  that 
area  of  the  assemblage  of  animaJs  which  had  been  its  inhabi- 
tants, or,  at  any  rate,  for  a  great  many  of  theuL  The  change 
from  suitable  to  unsuitable  conditions  must,  it  is  hardly 
necessary  to  say,  have  been  an  extremely  slow  and  gradual 
one ;  and  would  doubtless  be  connected  with  the  progressive 
shallowing  of  the  sea,  the  diversion  of  old  currents  of  heated 
water,  or  the  incoming  of  new  currents  of  cold  water,  or  other 
physical  changes  tending  to  alter  the  climatic  conditions  of 
the  area.  What,  then,  would  be  the  effect  of  such  a  change 
of  conditions  as  we  have  supposed  upon  the  animals  inhabit- 
ing the  area  ?  a.  Some  of  them  would,  doubtless,  be  sufB- 
ciently  hardy  and  accommodating  to  bear  up  under  the  new 
state  of  things ;  and  these  would  persist  into  the  ensuing 
period,  without  any  perceptible  change,  it  might  be,  or  more 
probably  in  the  form  of  varieties  or  species  allied  to  the  old 
ones.  In  this  case,  therefore,  we  should  get  a  certain  num- 
ber of  species  which  would  pass  from  the  Carboniferous 
Limestone  up  into  the  Yoredale  Series,  the  Millstone  Grit 
or  the  Coal-measures;  or,  if  we  did  not  find  any  species 
exactly  the  same  in  all  these  gronps,  we  should  still  find 
in  the  later  groups  some  forms  which  would  be  varieties  of 


.obyGooglc 


CONTEMPORATTErry   OF  STRATA.  41 

those  of  the  older,  or  -which  would  be  allied  or  representative 
species. 

b.  There  would,  in  the  second  place,  be  a  certain  niunber 
of  species  which  would  be  utterly  unable  to  withstand  the 
altered  conditions  of  the  area ;  and  these  would  gradually 
die  out  and  become  wholly  extinct  We  should  thus  get  a 
certain  number  of  fossils  which  would  be  either  exclusively 
confined  to  the  Carboniferous  Limestone  in  general,  or  which, 
perhaps,  might  not  be  found  out  of  the  Carboniferous  Lime- 
stone of  a  sii^le  region,  or  even  a  single  particular  locality. 

e.  Lastly,  some  species  would  yield  so  far  to  the  altered 
conditions  of  the  area  that  they  would  "  migrate,"  and  seek 
elsewhere  a  more  congenial  home.  This  term  is  apt  to  con- 
vey false  impressions ;  and  it  will  be  well  here  to  consider 
what  is  meant  by  the  "  migration "  of  species  or  groups  of 
animals.  It  is  quite  obvious  that  only  animals  like  birds, 
mammals,  insects,  &c.,  which  enjoy  when  grown  up  the 
power  of  active  locomotion,  can  actually  "  migrate "  in 
person,  supposing  they  find  themselves  placed  under  un- 
favourable conditions.  There  are  many  animals,  however, 
each  as  most  shell-fish,  corals,  sea-urchins,  &c.,  which  have, 
when  adult,  either  no  power  of  changing  their  place,  or  at 
best  a  very  limited  one.  Still  in  these  cases  even,  though 
the  indixridual  has  no  means  of  removing  his  quarters  to 
some  more  favoured  spot,  there  may  be  a  "  migration "  of 
the  ^peeiu  &om  an  unsuitable  to  a  suitable  locality.  This 
is  effected  through  the  medium  of  the  you-ng,  which  have 
the  power  of  choosing  where  they  will  settle,  and  are  en- 
dowed with  vigorous  powers  of  locomotion.  If,  for  example, 
a  bed  of  oysters  should  become  placed  under  conditions 
unsuitable  for  the  development  of  these  molluscs,  it  is  clear 
that  the  old  oysters  cannot  change  their  location.  The 
young  oysters,  however,  swim  about  freely ;  and  these  will 
move  away  from  the  original  bed  till  they  find  a  place 
which  will  suit  them.  By  a  repetition  of  this  process 
there  may  be  in  course  of  time  a  removal  or  "  migration  " 
of  a  species  to  almost  any  distance,  irrespective  of  the  fact 
that  the  adult  is  permanently  rooted. 

To  return,  then,  to  the  case  which  we  have  been  con- 
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sidering :  When  the  conditions  of  life  in  the  seae  of  the  Car- 
Traniferous  Limestone  became  unfavourable  for  the  further 
existence  of  their  fauna,  some  species  would  migrate  to  a 
more  cot^nial  area.  In  this  way  a  greater  or  leas  aomber 
of  the  species  characteristic  of  the  Carboniferoas  Limeatone 
would  ultimately  be  transferred  to  some  other  area.  Hera 
they  would  mingle  with  the  forms  already  inhabiting  that 
area,  perhaps  more  -or  less  completely  supplanting  these, 
perhaps  merely  succeeding  in  maintaining  a  more  or  less 
precarious  existence.  In  either  case,  their  remains  would 
be  preserved  in  the  sedimentary  deposits  of  the  new  area. 
When,  ages  afterwards,  we  come  to  examine  the  crust  of 
the  earth  geologically,  we  should  find  these  identical  and 
characteristic  species  of  fossils  in  the  rocks  of  the  two 
areas,  and  we  should  say — "  these  rocks  are  contemporan- 
eous." It  is  clear,  however,  that  we  should  be  wroi^  in 
30  saying.  The  rocks  in  question  would  belong  to  the  same 
geological  period,  but  they  would  belong  to  different  st^es 
of  the  same  period,  and  they  would  not  be  strictly  con- 
temporaneous. For  deposits  of  this  nature,  believed  to  hold 
this  relation  to  each  other,  the  term  of  "  homotaxeous  "  has 
been  proposed,  in  place  of  the  term  "  contemporaneous." 

What  has  just  been  said  about  the  Carboniferous  rocks 
would  apply  with  equal  justice  to  all  the  great  formations, 
and  to  many  of  the  smaller  rock-groups  all  over  the  world. 
The  Silurian  rocks  of  Europe,  North  America,  South 
America,  Australia,  &c.,  contain  very  similar  fossils,  and  are 
undoubtedly  "  homotaxeous."  Nothing,  however,  that  we 
see  at  the  present  day  can  justify  us  in  believing  that  these 
widely  separated  deposits  are  strictly  "contemporaneous," 
in  the  sense  that  they  were  deposited  at  exactly  the  same 
period  of  time.  We  should  have  to  believe,  if  this  conclu- 
sion is  to  be  justified,  that  iu  Silurian  times  the  ocean 
spread  over  a  much  lai^r  area  of  the  earth's  surface 
than  it  does  now,  and  that  its  temperature  and  depth  were 
unnaturally  uniform ;  and  there  are,  perhaps,  some  who 
would  accept  this  view.  What  has  been  said  about  the 
Silurian  rocks  as  a  whole  applies  with  still  greater  force 
to  certain  of  the  minor  subdivisions  of  the  same,  which 
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contain  many  of  exactly  the  aaiue  specific  forms  in  parts 
of  the  globe  very  widely  removed  from  one  another.  It  la 
the  very  identity  of  the  Fossils,  however,  which  proves  that 
the  beds  in  question,  from  their  geographical  position,  can- 
not have  been  deposited  at  exactly  the  same  time,  though 
they  doubtless  belong  to  the  same  period,  and  may  even 
be  said  to  be  related  to  one  another,  as  far  as  the  identical 
fossils  are  concerned,  by  lineal  descent  Similar  remarks 
might  be  made  about  the  Devonian,  Permian,  Triasaic, 
Jurassic,  Cretaceous,  and  other  formations;  but  it  is  not 
necessary  further  to  multiply  examples. 

If  we  consider  the  present  state  of  things  upon  the  globe, 
we  shall  be  further  convinced  of  the  justice  of  these  views, 
which  were  first  prominently  broaght  forward  in  Britain  by 
Professor  Huxley.  If  we  could  suddenly  remove  the  sea 
from  the  earth,  we  should  find  at  various  points  of  the 
earth's  surface  deposits  of  different  kinds,  now  concealed 
from  ns  by  the  ocean,  or  only  partially  known  by  dredgings 
or  soundings.  Thus  we  should  find  vast  accumulations  of 
calcareous  matter,  in  the  form  of  coral-rock  and  coral-reef, 
where  now  rolls  the  Pacific  Ocean.  In  high  northern  and 
low  southern  latitudes  we  should  find  great  deposits  of  saud 
and  mud,  with  angular  blocks  of  stone,  the  whole  derived 
from  the  ice-clad  regions  of  the  poles.  Over  vast  areas, 
again,  in  the  deep  Atlantic,  we  should  find  an  impalpable 
chalky  mud,  or  "ooze."  All  these  different  deposits  are 
obviously  and  necessarily  "  contemporaneous,"  not  only  in 
the  geological  acceptation  of  the  word,  but  in  its  moat 
literal  sense.  In  spite  of  this  fact  they  vxniid  not  contain 
the  same  fomls ;  and,  indeed,  they  would  be  characterised 
by  organic  remains  which  would  be  wholly  different  in  each 
case.  The  coral-reefs  of  the  Pacific  would  be  essentially 
characterised  by  the  abundance  of  tiie  remains  of  reef- 
building  corals,  though  they  would  also  present  other  trop- 
ical forms  of  life,  especially  Brachiopods  and  Echinoderms. 
The  glacial  mad  of  the  Polar  regions  would  contain  the 
remains  of  Arctic  molluscs,  along  with  such  other  animals 
as  delist  in  severe  cold.  Lastly,  the  ooze  of  the  deep 
Atlantic   would    contain    innumerable    Foraminifcra,   along 
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with  Biliceona  Sponges,  Sea-UTchinB,  and  Crinoids.  We  leara, 
therefore,  fiom  this,  that  contemporaneous  deposits  not  only 
do  not  necessarily  contain  the  same  fossils,  but  that,  if 
widely  sepatatud  geographically,  they  may  be  characterised 
by  wholly  dissimilar  assemblages  of  organisms. 

It  may  happen,  again,  as  pointed  out  by  Sir  Charles 
Lyell,  that  deposits  belonging  to  different  geographical  and 
zoological  provinces  may,  as  regards  space,  be  nearly  ap- 
proximated, and,  as  regards  time,  may  be  actually  con- 
temporaneous,  and  yet  may  not  contain  any  fossils  in  com- 
mon, or  only  a  very  few.  If,  for  example,  any  sudden 
upheaval  were  to  lay  bare  what  is  now  the  floor  of  the  Eed 
Sea,  together  with  that  of  the  Mediterranean,  we  should  find 
the  two  areas  to  contain  deposits  actually  synchronous  as 
regards  the  time  of  their  deposition,  and  very  near  to  one 
another  in  point  of  distance,  and  yet  containing,  upon  the 
whole,  entirely  distinct  groups  of  oi^anic  remains.  We 
learn,  therefore,  from  this,  that  owing  to  the  existence  of 
geographical  barriers,  it  is  possible  for  cont«mporaneou3 
deposits  to  be  found  in  close  contiguity,  in  a  single  region, 
and  yet  to  contain  very  different  fossils. 

Again,  we  know  from  the  researches  of  Professors  Car- 
penter and  Wyville  Thomson  and  Mr  Gwyn  Jeffreys,  that 
deposits  may  be  formed,  side  by  side,  in  a  si-ngU  ocean,  and 
may  yet  differ  from  one  another  altogether,  both  in  mineral 
characters  and  in  their  included  fossils,  though  strictly  con- 
temporaneous in  point  of  time.  Thus,  in  parts  of  the  deep 
Atlantic  where  the  temperature  of  the  bottom  water  is  com- 
paratively high,  we  have  the  calcareous  deposit  of  the  ooze, 
abounding  in  Foraminifera,  Sponges,  and  Echinoderms.  In 
certain  other  areas  in  the  same  ocean,  and  in  comparatively 
close  contiguity  with  the  preceding,  we  have  the  tempera- 
ture lowered  by  cold  currents,  and  we  find  a  sandy  deposit 
in  process  of  formation,  with  a  fauna  much  more  scanty 
than  that  of  the  ooze,  and  wholly  distinct  from  it.  We  thus 
learn  that  sedimentary  deposits  may  be  strictly  contempo- 
raneous, and  may  be  placed  very  near  to  one  another  in 
point  of  distance,  and  yet  may  contain  very  different  fossils. 

Lastly,  synchronous  deposits  necessarily  contain  wholly 
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different  fossilB,  if  one  has  been  deposited  by  tieah  vater, 
and  the  other  has  been  laid  down  in  the  aea.  The  ^sh- 
trater  depoeite  of  one  period  are  obviously  coniemporaneouB 
with  the  marine  formations  of  the  same  period,  and  they  may 
not  be  far  removed  from  one  another  in  point  of  distance, 
but  they  must  contain  altogether  different  oi^anic  remains. 
The  former  will  contain  remains  of  the  fresh-water  and  ter- 
restrial animals  of  the  period,  and  of  these  only ;  whilst  the 
latter  will  principally,  if  not  exclusively,  be  characterised  by 
the  remains  of  marine  forms  of  life.  In  this  way,  there  is 
some  reason  to  believe,  may  be  explained  the  differences 
between  the  fossils  of  the  Old  Bed  Sandstone  and  of  the 
Devonian  rocks,  strictly  so  called.  Both  are  believed  to 
have  been  deposited  in  the  same  geological  period,  and  to  be 
truly  "  contemporaneous ;  "  but  they  do  not  contain  the  same 
fossils.  This  may  be  readily  explained,  however,  if  we  sup- 
pose the  former  to  represent  the  fresh-water  deposits  of  the 
Devonian  period,  or  to  have  been  laid  down  in  an  inland 
sea,  whilst  the  latter  is  the  true  marine  formation  of  the 
same  period. 

Under  any  circumstances,  however,  we  must  remember 
that  the  doctrine  of  "  homotaxis,"  if  rightly  limited  and 
defined,  in  no  way  diminishes  the  value  of  fossils  as  indica- 
tions of  the  age  of  the  formations  in  which  they  occur.  If 
we  give  the  term  "contemporaneous"  a  purely  geological 
sense,  and  endeavour  to  forget  its  literal  signi6cation  as 
applying  to  events  which  have  occurred  at  precisely  the  same 
moment  of  time,  then  it  is  just  as  good  an  epithet  for  the 
different  deposits  belonging  to  a  given  geological  formation 
as  is  the  term  "  homotaxeous."  All  the  deposits  which 
possess  Carboniferous  fossils,  at  whatever  point  of  the  earth's 
surface  they  may  be  situated,  belong  to  the  Carboniferous 
period,  and  are  therefore  geologically  contemporaneous.  All 
that  is  really  implied  by.the  doctrine  of  "  homotaxis,"  rightly 
regarded,  is  that  we  cannot  say  that  any  great  formation  in 
any  one  country  is  the  precise  equivalent  of  the  same  forma- 
tion in  any  country  very  widely  removed  in  point  of  distance, 
in  the  sense  that  its  deposition  b^an  and  ended  at  eaxuily 
the  same  times ;  and  therefore  we  cannot  parallel  the  sub- 
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divisions  of  Buch  formations  with  anything  approaching  to 
absolute  precision.  Segarded  as  a  whole,  however,  the  Car- 
boniferous formation  of  America  is  the  geological  equivalent 
of  the  Carboniferous  formation  of  Eiirope,  and  both  belong 
to  what  geologists  understand  aa  the  "  Carboniferous  period." 
As  the  same  is  true  of  all  the  great  formations,  in  all  parts 
of  the  world,  it  is  clear  that  the  principal  advantage  of  the 
use  of  such  a  term  aa  "  homotaxis  "  is  simply  that  we  thereby 
avoid  the  employment  of  a  word  which  common  us^  would 
wron^y  interpret ;  and  it  is  quite  certain  that  we  cannot 
abolish  the  idea  of  geological  "  contemporaneity,"  as  demon- 
strated by  the  presence  of  identical  or  representative  apeciea 
of  fossils;  nor  can  we  refuse  to  admit  that  formations  con- 
taining such  fossils,  however  far  removed  from  one  another 
in  point  of  distance,  must  have  been  laid  down  within  the 
limits  of  the  same  great  "  period  "  in  the  history  of  our 
earth. 

We  are  now  in  a  position  very  briefly  to  discoss  the 
question  of  what  may  be  called  "geological  continuity." 
It  has  already  been  stated  that  the  entire  series  of  Fossil- 
iferoua  or  Sedimentary  rocks  may  be  naturally  divided  into 
a  certain  number  of  definite  rock-groups  or  "  formations," 
each  of  which  is  charact«rised  by  the  possession  of  a  peculiar 
and  characteristic  assemblf^^  of  fossils,  constituting,  or  rather 
representing,  the  "  life  "  of  the  "  period  "  in  which  the  for- 
mation was  deposited.  The  older  geologists  held,  what 
probably  eveiy  one  would  be  tempted  to  think  at  first, 
that  the  close  of  each  formation  was  characterised  by  a 
general  destruction  of  the  forma  of  life  of  the  period,  and 
that  the  commencement  of  each  new  formation  waa  accom- 
panied by  the  creation  of  a  number  of  new  animals  and 
plants,  destined  to  figure  as  the  characteristic  fossils  of  the 
same.  This  theory,  however,  not  only  invokes  forces  and 
processes  which  it  can  in  no  way  account  for,  but  overlooks 
the  fact  that  most  of  the  great  formations  are  separated  by 
lapses  of  time,  unrepresented  perhaps  by  any  deposition  of 
rock,  or  represented  only  in  some  particular  area,  and  yet, 
perhaps,  as  great  as,  or  greater  than,  the  whole  time  occupied 
in  the  production  of  the  formation  itself. 
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Nowadays,  most  geologists  IloM  that  there  was  no  such 
sudden  destraction  of  life  at  the  close  of  each  great  geological 
epoch,  and  no  such  creation  of  fresh  forms  at  the  commence- 
ment of  the  next  period.  On  the  contrary,  they  hold  that 
there  is  a  geological  "  continuity,"  Buch  as  we  see  in  other 
departments  of  nature,  and  that  the  lines  which  we  draw 
between  the  great  formations  merely  mark  periods  of  time  in 
which  no  rocks  were  laid  down,  or  the  rocks  deposited  in 
which  are  at  present  unknown  to  us. 

What  are  we  to  believe  occurred  at  the  close  of  any  great 
geological  period — say,  the  Cretaceous  period  ?  If  we  reject 
the  view  that  the  close  of  the  period  was  marked  by  a  sudden 
and  Dniversal  extinction  and  destruction  of  the  characteristic 
Cretaceous  forms  of  life,  there  is  only  one  other  view  which 
we  can  take.  Confining  our  attention  solely  to  those  seas  of 
the  period  of  which  alone  we  know  enough  for  safe  reasoning, 
we  know  that  the  close  of  the  Cretaceous  period  in  Europe 
was  accompanied,  or  rather  caused,  by  an  upheaval  of  the 
Cretaceous  area,  and  an  obliteration  of  the  Cretaceous  sea. 
This  upheaval  was,  of  course,  effected  with  extreme  slowness, 
or,  at  any  rate,  not  suddenly,  and  it  must  have  completely 
changed  the  life-conditions  or  "  environment "  of  the  animals 
which  swarmed  in  the  Cretaceous  seas.  Some  of  these  would 
doubtless  be  unable  to  accommodate  themselves  to  their 
altered  surroundings,  and  would  simply  die  out.  Others,  we 
may  presume,  would  migrate  to  some  more  favourable  area, 
and  some  of  these  might  accomplish  their  migration  without 
uudei^oing  any  change.  Most,  however,  of  the  forms  which 
migrated,  in  the  process  of  migration,  and  by  reason  of  coming 
into  contact  with  strange  neighbours  and  untried  conditions, 
would  probably  undergo  more  or  less  modification.  Ulti- 
mately, therefore,  many  characteristic  Ctettv^eous  forms  might 
be  transferred  to  some  sea  far  distant  from  their  original 
home.  Not  only  eo,  but  some  of  the  transferred  species 
might  have  sufTered  so  much  modification  that  they  would 
no  loi^r  be  r^arded  as  specifically  identical  with  the 
original  Cretaceous  forms,  but  would  be  looked  upon  simply 
as  allied  or  "  representative  "  species,  though  really  the  lineal 
descendants  of  the  animals  of  the  Chalk. 
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It  is  pei£ectly  cleat  tliat  the  process  of  rock-deposition 
which  was  going  on  in  Europe  towards  the  close  of  the 
Cretaceous  period  was  not,  and  could  not  be,  abolished  by 
the  elevation  of  the  European  area,  and  Uie  obliteration  of 
the  Cretaceous  sea,  but  was  simply  transfaved  to  some  otJier 
area.  In  this  particular  case,  we  do  not  happes  to  know 
where  the  new  area  of  deposition  may  have  been.  It  is 
qiiite  certain,  however,  that  in  whatever  area  the  Cretaceous 
animals  took  refuge,  there  rocks  must  have  been  deposited 
in  course  of  time,  as  they  are  iu  all  seas,  though  it  does  not 
in  the  least  follow  that  the  rocks  of  this  new  era  should  have 
the  smallest  likeness  in  mineral  composition  to  the  Creta- 
ceous sediments.  If  we  should  at  any  time  discover  these 
rocks,  it  may  pretty  safely  be  predicted  what  we  should 
fiod  in  them  in  the  way  of  fossils.  We  should  find,  namely, 
some  Cretaceous  species,  probably  unchanged ;  with  these 
there  would  be  forms  allied  tv  the  Cretaceous  species,  but 
difTering  from  them  to  a  greater  or  less  extent ;  in  addition, 
there  would  be  a  certain  proportion  of  forms  of  life  wholly 
unknown  in  the  Cretaceous  rocks ;  and  lastly,  there  would 
be  a  conspicuoos  absence  of  certain  characteristic  species  of 
the  Chalk  period.  In  other  words,  such  deposits  as  we  have 
been  speaking  of  would  contain  an  assemblage  of  fossils  more 
or  less  intermediate  in  character  between  tiioee  of  the  true 
Cretaceous  period  and  those  of  the  lowest  Tertiary  beds 
(Eocene),  which  rest  upon  the  Chalk,  or  they  would  present 
an  intermixture  of  Cretaceous  with  Eocene  types.  In  point 
of  fact,  we  have  fragments  of  such  intermediate  deposits  (in 
the  MffiStricht  beds  of  Holland,  the  Pisolitic  Limestone  of 
France,  the  Eaxoe  Limestone  of  Denmark,  and  the  Thanet 
Sands  of  Britain),  and  we  find  in  them  traces  of  such  an 
intermixture.  Moreover,  when  we  come  to  examine  the 
boundary- line  between  the  Cretaceous  and  Tertiary  in  a 
region  far  removed  from  Europe — namely,  in  Noith  America 
— we  find  that  between  these  two  formations,  so  widely  sep- 
arated in  the  Old  World,  we  have  some  four  thousand  feet 
of  strata  (the  so-called  "  Lignitic  Series  ")  containing  such 
a  complete  intermixture  of  the  forms  of  life  characteristic  of 
these  two  periods,  that  it  has  been  a  matter  of  lively  con- 
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troversy  whether  they  should  be  regarded  bb  the  eummit  of 
the  older  or  the  base  of  the  newer  series  of  sediments. 

We  may  pause  here  to  consider  how  it  is  that  we  may 
never  hope  to  find  a  complete  series  of  deposits  linking  on 
one  great  formation  to  another,  as,  for  example,  the  Chalk  to 
the  Eocene  rocks.  In  the  first  place,  only  a  limited  portion 
of  the  earth  has  as  yet  been  properly  examined,  and  we  have 
therefore  no  right  to  expect  that  we  have  as  yet  hit  upon 
the  area,  or  areas,  to  which  the  process  of  rock-formii^  was 
transferred  at  the  close  of  the  Cretaceous  period  proper  in 
Europe.  We  have,  however,  the  full  right  to  expect  that 
we  shall  ultimately  find  formations  which  will  have  to  be 
intercalated  in  point  of  time  between  the  White  Chalk  and 
the  Eocene ;  and,  as  before  said,  traces  of  such  are  already 
known  to  us.  In  the  second  place,  we  have  every  reason  to 
suppose  that  many  of  these  intermediate  deposits  have  been 
destroyed  at  some  period  subsequent  to  their  formation  by 
what  ia  technically  called  "  denudation,"  or,  in  other  words, 
by  the  action  of  rain,  rivers,-  ice,  and  the  sea.  In  the  third 
place,  many  of  the  missing  deposits  may  have  been  concealed 
since  theif  formation  by  the  deposition  upon  them  of  other 
newer  rocks ;  or  they  may  be  situated  in  areas  which  are  at 
present  covered  by  the  ocean.  Lastly,  we  must  not  forget 
that  there  may  have  been  times  in  which  great  changes  in 
life  were  actively  progressing  in  areas  in  which  there  might 
be  little  or  no  contemporaneous  deposition  of  rock,  so  that 
the  extreme  terms  of  a  series  might  be  preserved  to  us  whilst 
all  the  intermediate  links  might  have  escaped  record. 

From  these  and  similar  causes,  it  is  almost  certain  that  we 
shall  never  be  able  to  point  to  a  complete  series  of  deposits 
linkii^  one  great  geological  period,  such  as  the  Cretaceous,  to 
another,  such  as  the  Eocene.  Still,  we  may  well  have  a 
strong  conviction  that  such  deposits  must  exist,  or  must  have 
existed,  as  memorials  of,  at  any  rate,  part  of  the  time  which 
elapsed  between  the  close  of  the  one  formation  and  the  com- 
mencement of  the  next.  Upon  any  theory  of  "  evolution," 
at  any  rat«,  it  is  certain  that  there  can  be  no  total  break  in 
the  great  series  of  the  stratified  deposits,  but  that  there  most 
have  been  a  complete  continuity  of  Ufe,  and  a  more  or  less 
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complete  coDtinuity  of  deposition,  from  the  Laurentian  period 
to  the  present  day.  There  was,  and  could  have  been,  no 
such  continuity  in  any  one  given  area ;  but  the  chain  could 
never  have  been  snapped  at  one  point  and  taken  up  at  a 
wholly  different  one.  The  links  must  have  been  Forged  in 
different  places,  but  the  chain,  nevertheless,  remained  un- 
broken. From  this  point  of  view,  there  would  be  little 
impropriety  in  saying  that  we  are  living  in  the  Silurian 
period;  but  we  could  only  say  so  in  a  very  limited  sense. 
While  most  geologists  will  readily  admit  that  there  must 
have  been  such  an  actual  continuity  of  the  great  geological 
periods,  from  the  earliest  times  up  to  the  present  day,  it 
remains  certain  that  we  can  never  dispense  with  the  division 
of  the  stratified  series  into  definite  rock-groups  and  life- 
periods.  We  can  never  hope  to  discover  aU  the  lost  links 
of  the  geological  chain,  and  the  great  formationB  will  always 
be  separated  from  one  another  by  more  or  less  evident 
physical  or  paUeontol<^ca]  breaks,  or  by  both  combined. 
The  utmost  we  can  at  present  do  is  to  arrive  at  the  con- 
viction that  the  lines  of  demarcation  between  the  great 
formations  only  mark  gaps  in  our  knowledge,  and  that  there 
can  be  in  nature  no  hiaiiis  in  the  long  series  of  foasiliferous 


The  theory  of  "  geological  continuity,"  then,  may  in  prac- 
tice be  carried  so  far  as  to  be  useless,  or  even  injurious  to 
the  pn^ress  of  science.  This  would  seem  to  be  the  case 
with  the  attempt  to  show  that  we  "  are  still  living  in  the 
Cretaceous  period,"  and  that  the  ooze  now  forming  at  the 
bottom  of  the  deep  Atlantic  is  merely  a  continuation  in  point 
of  time  of  the  great  and  well-known  formation  of  the  White 
Chalk.  The  iK)int£  of  resemblance  by  which  this  is  sought 
to  be  established  are  these :  1.  The  Atlantic  ooze  or  "  abyssal 
mud  "  is  a  whitish  or  greyish-looking  mud,  containing  about 
sixty  per  cent  of  carbonate  of  lime,  with  from  twenty  to 
thirty  per  cent  of  silica,  and  a  variable  quantity  of  alumina. 
When  dry,  and  especially  if  consolidated,  it  may  fairly  be 
compared  in  mineral  composition  to  some  varieties  of  Chalk 
or  to  Chalk-marl.  2.  The  abyssal  mud  of  the  Atlantic  is  to 
a  very  lai^  extent  composed  of  the  microscopic  shells  of 
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ForamAnfera,  some  of  which  are  specifically  identical  with 
Cretaceous  fornis,  whilst  White  Chalk  is  known  to  be  very 
largely  composed  of  the  d4brU  of  these  minute  organisms.  3, 
The  ooze  contains  siliceous  sponges,  in  many  respects  com- 
parable to  the  sponges  which  are  so  characteristic  of  the 
Cretaceous  period.  4.  The  ooze  contains  Echinoderms,  espe- 
cially Sea-urchins  and  Criaoids,  such  as  abounded  in  the 
Chalk  period ;  whilst  one  of  the  latter  is  related  to  a  Creta- 
ceous type  hitherto  believed  to  be  extinct 

On  the  other  hand,  as  pointed  out  by  Sir  Charles  LyeU, 
Pro£  Prestwich,  and  other  observers,  the  differences  between 
the  Atlantic  ooze  and  the  Chalk  are,  to  say  the  least  of  it, 
quite  as  weighty  as  the  resemblances,  if  not  more  so.  Chalk 
is  composed  of  from  eighty  to  as  much  as  ninety-nine  pei 
cent  of  carbonate  of  lime,  and  has  therefore  a  very  small  pro- 
portion of  any  siliceous  or  aluminous  impurity.  Secondly, 
the  occurrence  of  identical  species  of  Foraminifera  in  the 
two  formations  amounts  to  very  little  ;  for  it  is  well  known 
that  such  lowly  organised  forms  of  life  have  an  extraordinary 
power  of  persistence,  surviving  geological  changes  which  are 
fatal  to  higher  oi^^anisms.  Moreover,  it  seems  certain  that 
the  Foraminifera  of  the  Atlantic  ooze  are  principally  derived 
from  the  mrfaee^waters  of  the  ocean,  so  that  Oiey  prove  noth- 
ii^  as  to  the  depth  at  which  the  ooze  was  deposited.  Thirdly, 
Dr  Gwyn  Jeffreys,  one  of  the  highest  of  authorities  upon  the 
Hollusca,  has  shown  that  the  Molluscan  fauna  of  the  Chalk 
is  essentially  a  shaUow-viater  fauna,  and  certainly  cannot  be 
supposed  to  have  inhabited  any  very  great  depth.  Lastly, 
the  most  characteristic  of  the  Chalk  fossils,  such  as  the  various 
forms  of  Cephalopoda  and  Bivalve  Molluscs,  are  entirely  want- 
ing in  the  Atlantic  ooze. 

Prof.  Prestwich  concludes  that  although  it  is  probably  true 
that  "  some  considerable  portion  of  the  deep  sea-bed  of  the 
mid-Atlantic  has  continued  submerged  since  the  period  of 
our  Chalk,  and  although  the  more  adapteble  forms  of  life 
may  have  been  transmitted  in  unbroken  succession  through 
this  channel,  the  immigration  of  other  and  more  recent 
faunas  may  have  so  modified  the  old  population  that  the 
original  Chalk  element  is  of  no  more  importance  than  is  the 
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original  British  element  in  our  own  English  people.  As 
well  might  it  have  heen  said  in  the  last  century  that  we 
were  living  in  the  peiiod  of  the  early  Britone,  because  their 
descendants  and  language  atill  ht^ered  in'  Cornwall,  as  that 
we  are  living  in  the  Cretaceous  period,  because  a  few  Creta- 
ceous forms  still  linger  in  the  deep  Atlantic.  Period  in 
Geoli^y  must  not  be  confounded  with  '  system  '  or  '  forma- 
tion.' The  one  ia  only  relative,  the  other  definite,  A  for- 
mation is  deposited  or  takes  place  during  a  certain  time,  and 
that  time  is  the  period  of  the  formation  ;  but  a  geological 
period  may  include  several  formations,  and  is  defined  by  the 
preponderance  of  certain  orders,  fomihes,  or  genera,  according 
to  the  extent  of  the  period  spoken  of;  and  the  passive  of 
some  of  the  forms  into  the  next  geolc^cal  series  does  not 
carry  the  period  with  them,  any  more  than  would  any  par- 
ticular historical  epoch  be  delayed  until  the  survivors  of  the 
preceding  one  had  died  out  Period  is  an  arbitrary  time- 
division.  The  Chalk  or  the  '  London  Clay '  formations  mark 
definite  stratigraphical  divisions.  We  may  speak  of  the 
period  of  the  Loudon  Clay,  or  we  may  speak  of  the  Tertiary 
period.  It  merely  refers  to  the  '  time  when '  either  were  in 
courae  of  construction.  The  occurrence  of  Triassic  forms 
in  the  Jurassic  series,  of  Oolitic  forms  in  the  Cretaceous 
series,  and  of  Cretaceous  forms  in  the  Eocene,  in  no  way 
lessens  the  independence  of  each  series,  although  it  may 
sometimes  render  it  ilifiBcnlt  to  say  where  one  series  ceases 
and  the  other  commences.  The  land  and  littoral  faunas  are 
necessarily  more  liable  to  change  than  a  deep-sea  fauna,  be- 
cause an  island  or  part  of  a  continent  may  be  submerged, 
and  all  on  it  destroyed,  while  the  fauna  of  the  adjacent 
oceans  would  survive ;  and  as  we  cannot  suppose  the  eleva- 
tion of  entire  ocean-beds  at  the  same  time,  the  maritime 
fauna  of  one  period  must  be  in  part  almost  necessarily  trans- 
mitted to  the  next." 

In  accordance,  therefore,  with  the  principles  here  laid 
down,  we  may  conclude  that  it  is  not  correct  to  say  that  we 
"  are  living  in  the  Cretaceous  period,"  in  any  other  sense 
than  one  might  say  that  we  are  living  in  the  Silurian  period, 
with  this  diR'erence,  that  the  Cretaceous  period  is  much  nearer 
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to  US  in  point  of  time  than  the  Silurian,  and  that  we  can 
therefore  trace  a  relationship  between  certain  Cretaceous 
types  and  certain  living  forms  that  we  cannot  hope  to 
establish  in  the  case  of  Silurian  fossils. 

It  is  to  be  observed,  lastly,  that  certain  classes  of  animals 
are  always  likely  to  Sourish  in  places  and  times  in  which 
favourable  conditions  are  present,  wholly  irrespective  of  any 
genetic  connection  1)etween  successive  faunae.  Thus  the  con- 
ditions present  in  the  deep  Atlantic  are  such  as  favour  the 
existence  of  numerous  Foramini/era,  Sponges,  JEehinoderms, 
&c.  Similar  conditions  existed  in  the  seas  in  which  the 
Chalk  was  deposited ;  and  we  need  not,  therefore,  be  sur- 
prised at  the  predominance  of  similar  organisms  in  the  Cre- 
taceous period.  In  the  same  way,  there  are  portions  of  the 
Carboniferous  Limestone  fairly  comparable  to  the  Chalk  in 
mineral  characters  (making  due  allowance  for  difference  of 
age),  and  containing  forms  of  life  which  may  be  regarded  as 
representative  of  the  Cretaceous  fauna — -such  as  ForaTnini- 
fera,  smooth  Terdyratidm,  Crinoids,  and  Sea-urchins.  The 
conditions,  however;  present  in  the  deep  Atlantic  are  not 
extuAly  similar  to  those  under  which  the  Chalk  was  deposited, 
for  there  are  certain  great  classes,  such  as  the  Ctphalopoda, 
which  abounded  in  the  Cretaceous  seas,  but  which  seem  to 
have  no  representatives  in  the  abyssal  mnd  of  the  Atlantic. 

DocTBiNE  OF  Colonies. — It  only  remains  in  this  connec- 
tion to  consider  very  briefly  the  doctrine  of  "  colonies,"  laid 
down  by  M.  Barrande,  the  eminent  Bohemian  paleeontologist. 
It  has  been  laid  down  as  a  law  that  when  once  a  species  dis- 
appears it  never  again  makes  its  appearance  in  the  geological 
record.  This  is  unquestionably  true,  so  long  as  we  remember 
that  it  can  only  apply  to  cases  in  which  a  species  has  entirely 
and  totally  disappeared  from  the  earth,  and  that  it  is  often 
very  difBcuIt,  or  altogether  impossible,  to  obtain  evidence  as 
to  the  exact  time  at  which  a  given  species  has  thus  become 
actually  extinct.  There  are  plenty  of  cases  in  which  a  species 
seemii^y  disappears  in  a  particular  set  of  rocks,  to  reappear 
in  some  higher  and  later  set  of  rocks  in  the  same  region, 
whilst  its  remuns  are  wanting  in  all  the  intermediate  de- 
posits of  the  area.    It  also  often  occurs  that  a  species,  ha^Hng 
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disappeared  in  one  region,  is  found  in  deposits  of  a  later  age 
in  another  area.  The  above-mentioned  law,  therefore,  can 
obviously  only  hold  good  of  cases  in  which  a  species  has 
definitely  and  finally  become  extinct;  and  this  implies  an 
amount  of  knowledge  on  our  part  which  we  seldom  or  never 
possess.  M.  Barrande,  however,  has  pointed  out  that  theie 
are  other  cases  in  which  groups  or  species  peculiar  to  one  set 
of  beds  may  appear  in  a  temporary  and  sporadic  manner  in  a 
much  earlier  set  of  beds,  the  two  deposits  thus  characterised 
being  separated  by  beds  containing  fossils  peculiar  to  the 
earlier  and  older  series.  Thus,  the  Upper  and  Lower  Silurian 
rocks  of  Bohemia  are  characterised  by  very  distinct  assem- 
blf^s  of  fossils.  It  is  found,  however,  that  the  Lower  Silu- 
rian rocks  contain  in  places  a  group  of  fossils  characteristic 
of  the  Upper  Silurian  series.  The  beds  containing  this 
"  colony "  of  Upper  Silurian  forms  are  succeeded  by  strata 
filled  with  Lower  Silurian  fossils ;  audit  is  only  after  several 
alternations  of  this  kind  that  the  Upper  Silurian  fauna  comes 
in  definitely  and  generally.  These  temporary  appearances  of 
a  later  fauna  in  the  midst  of  an  older  fauna  are  termed  by 
M.  Barrande  "  colonies,"  and  he  explains  their  occurrence  as 
follows :  If  we  suppose  the  seas  of  the  Bohemian  area  to 
have  been  peopled  with  Lower  Silurian  animals  at  a  time 
when  other  portions  of  Europe  were  covered  by  a  sea  contain- 
ing Upper  Silurian  animals,  and  suppose  the  former  area  to 
have  been  shut  off  from  the  latter  by  a  land-barrier,  we  can 
readily  understand  how  the  "  colonies  "  were  produced.  If, 
from  any  cause,  a  channel  of  communication  were  opened 
between  the  Bohemian  area  and  the  general  area  of  Northern 
Europe,  an  immigration  of  species  would  take  place  from  the 
latter  into  the  fonner  area.  The  Upper  Silurian  species  of 
the  latter  area  would  thus  be  imported,  in  greater  or  less 
numbers,  into  the  midst  of  the  general  Lower  Silurian  fauna 
of  Bohemia,  and  would  be  preserved  in  the  Lower  Silurian 
rocks.  If,  however,  the  channel  of  communication  were 
speedily  closed,  so  that  the  new-comers  could  not  he  con- 
stantly reinforced  by  fresh  immigrants,  the  "  colonial "  species 
would  die  out,  and  the  general  Lower  Silurian  fauna  would 
again  reign  supreme.     A  reopening  of  the  channel  of  com- 
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mutiication  vould  allow  of  a  fresh  immigration  and  the  for- 
mation of  a  fresh  "  colony,"  and  the  process  might  be  indefi- 
nitely repeated.  Finally,  however,  we  must  suppose  that  the 
Bohemian  area  waa  permanently  thrown  open  to  immigration 
from  the  general  European  area,  when  the  Upper  Silurian 
fauna  of  the  latter  would  succeed  in  permanently  and  com- 
pletely displacing  the  old  Lower  Silurian  fauna  of  the  former 
region.  The  phenomenon,  therefore,  of  "  colonies  "  may  be 
defined  as  "  the  coexistence  of  two  general  faunas,  which,  con- 
sidered in  their  entirety,  are  nevertheless  distinct ; "  and  it  is 
to  be  r^arded  as  merely  a  case  of  migration  under  certain 
peculiar  and  exceptional  circumstances. 

It  must  be  borne  in  mind  Uiat  the  phenomenon  of 
"  colonies,"  even  if  we  regard  it  as  established  beyond  con- 
tradiction in  the  Bohemiai)  area,  has  never  been  rec<^nised 
with  any  certainty  elsewhere,  and  that  it  must,  under  any 
circumstances,  be  of  v^  rare  and  exceptional  occurrence, 
la  fact,  if  "  colonies "  were  at  all  common,  it  is  quite  clear 
that  we  should  before  now  have  met  with  plenty  of  instances 
of  their  existence,  seeing  that  we  have  innumerable  examples 
in  which  we  can  show  that  the  migration  of  marine  oi^anisms 
from  one  area  to  another  has  taken  place ;  and  it  is  further 
clear  that  the  occurrence  of  "  colonies "  as  a  common  thing 
would  greatly  lower  the  general  value  of  paheontolc^cal 
evidence  as  bearii^  upon  the  age  of  fossilifeions  strata. 
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THE  IMPERFECTION  OF  THE  PALJSONTOLOGICAL 
RECORD. 

A3  has  been  already  pointed  out,  the  series  of  the  stratified 
formations  is  an  imperfect  one,  and  is  likely  ever  to  remain 
80.  The  causes  of  this  "  imperfection  of  the  geological  record," 
as  it  has  been  termed  by  Darwin,  are  various ;  bnt  it  is 
chiefly  to  be  ascribed  to  onr  as  yet  incomplete  knowledge  of 
the  geology  of  vast  areas  of  the  earth's  surface,  to  denuda- 
tion, and  to  the  fact  that  many  of  the  missing  groups  are 
buried  beneath  other  deposits,  whilst  more  than  half  of  the 
superficies  of  the  globe  is  hidden  from  us  by  the  waters  of 
the  sea.  The  imperfection  of  the  geological  record  neces- 
sarily implies  an  equal  imperfection  of  the  "  palseontological 
record ; "  but,  in  truth,  the  record  of  life  is  far  more  imperfect 
than  the  mere  physical  series  of  deposits.  As  we  are  here 
chiefly  concerned  with  the  biological  aspect  of  the  question, 
we  may  advantageously  consider  some  of  the  main  causes  of 
the  numerous  breaks  and  gaps  in  the  palEeontolt^ical  record 
at  some  length. 

I.  Causes  op  the  Absence  of  Certain  Akimals  in  Fos- 
siLiFEKous  Deposits. — In  the  first  place,  even  if  the  series 
of  the  stratified  deposits  had  been  preserved  to  us  in  its 
entirety,  and  we  could  point  to  the  sedimentary  accumula- 
tions belonging  to  every  period  of  the  earth's  history,  there 
would  still  be  enormous  deficiencies  in  the  paleeontological 
record,  owing  to  the  differences  in  the  facility  with  which 
different  animals  may  be  preserved  as  fossils.     This  subject 
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ia  sufBciently  important  to  render  it  adviaatle  to  consider 
each  of  the  primaiy  groups  of  the  animal  kingdom  separately 
from  this  point  of  view : — 

a.  Protozoa. — As  r^ards  the  anb-kingdom  of  the  Frotozoa, 
the  entire  clasaea  of  the  Gh-egarin'UUe  and  In/uaorian  Animal- 
cuUs,  from  their  absence  of  hard  parts,  must  ever  remain  un- 
represented in  a  fossil  condition.  One  or  two  of  the  latter, 
however,  possess  an  int^umentary  covering  capable  under 
favourable  ctrcumatances  of  being  preserved  in  rocks  of 
recent  ^e.  The  Mbnera  present  no  structures  capable  of 
fosailisation ;  and  the  same  may  be  said  of  thq  Amc^a, 
though  one  or  two  of  the  latter  have  a  carapace  which 
might  possibly  be  preserved.  The  remaining  BMzopodous 
orders — viz.,  the  Foraminifera,  Hadiolaria,  and  Spongida — 
almost  invariably  develop  hard  structures  of  lime  or  fiint ; 
and  all  these  orders,  therefore,  have  left  abundant  traces  of 
their  existence  in  past  time. 

b.  Coelenteraia. — Amongst  the  Coelenterate  animals,  the 
Fresh-water  Polypes  (ffydra),  the  Oceanic  Hydrozoa,  the 
Jelly-fishes  {Medimdes),  the  Sea-Uubbera  (Zucemarida),  the 
Sea-anemones  (AdinideB),  and  the  Cteaophora  are  destitute 
of  hard  parts  which  could  be  preserved  as  fosails.  The  Sea- 
blubbers,  however,  supply  us  with  an  instance  of  how  a 
completely  soft-bodied  creature  may  leave  traces  of  its  past 
existence ;  for  there  is  no  doubt  that  impressions  left  by  the 
stranded  carcasses  of  these  animals  have  been  detected  in 
certain  fine-grained  rocks  (the  Lithographic  Slate  of  Solen- 
hofen).  On  the  other  hand,  the  coralligenoua  Zoophytes  or 
"  corals  "  (comprising  the  Zoantharia  sderodermata  and  sclero- 
hasica,  and  most  of  the  Alcyonaria)  possess  hard  parts  capable 
of  preservation,  and  the  same  ia  the  case  with  most  of  the 
Hydroid  Zoophytes.  Accordingly,  there  are  few  more  abun- 
dant fossils  than  corals;  whilst  the  large  extinct  group  of 
the  Cfraptolitea  is  generaUy  placed  in  the  vicinity  of  the  Sea- 
firs  (Sertularians). 

c.  Annuloida. — In  tbia  sub-kingdom  the  great  class  of  the 
Echintxiermaia  may  be  said  to  be  represented  more  or  less 
completely  by  all  its  orders.  In  the  Sea-cucumbers  (ffblothiir- 
oidea),  however,  the  calcareous  structures  so  characteristic  of 
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the  int^uments  of  the  other  Echinodenus  are  reduced  to 
their  minimum ;  aud  accordingly,  the  evidence  of  the  past 
existence  of  these  creatures  is  of  the  most  scanty  description. 
The  other  great  class  of  the  Amvaloida  (viz.,  the  ScoUdda) 
comprises  animals  almost  without  exception  destitute  of  hard 
parts,  and  which  mostly  live  parasitically  in  the  interior  of 
other  animals  (e.^.,  the  Tape-worms,  Suctorial-worms,  Round- 
worms, Sec.)  We  are  therefore  without  any  geological  evi- 
dence of  the  former  existence  of  Scoleeida,  though  no  doubt 
can  be  reasonably  entertained  but  that  the  group  dates  back 
to  a  time  long  anterior  to  the  present  fauna. 

d.  Annulosa. — Many  of  the  lower  Annulose  animals,  snch 
as  Leeches,  Earth-worms,  and  £iTant  Annelides,  possess  few 
or  no  structures  by  which  we  could  expect  to  get  direct 
evidence  of  their  past  existence.  The  last  of  these,  however, 
have  left  ample  traces  of  their  former  presence  in  the  form 
of  burrows  or  "  tracks  "  upon  the  mud  and  sand  of  ancient 
sea-hottoms,  and  are  known  also  by  their  homy  jaws ;  while 
the  so  -  called  "  Tubicolar  "  AnneUdea  are  well  represented 
by  their  investing  tubes.  In  the  caae  of  the  higher  An- 
nulosa, another  law  steps  in  to  r^ulate  their  comparative 
abundance  as  fossils.  Most,  in  fact  almost  all,  fossiliferous 
formations  have  been  deposited  in  water ;  and  of  necessity, 
therefora,  moat  fossils  are  the  remains  of  animals  whose 
habits  are  naturally  aquatic  As  most  deposits,  further, 
are  not  only  aqueous,  but  are  also  marine,  most  fossils  are 
those  of  sea-animals.  It  follows,  therefore,  that  the  remains 
of  air-breathing  animals,  whether  these  he  terrestrial  or  aerial, 
can  only  be  preserved  in  an  accidental  manner,  so  to  speak ; 
except  the  animal  inhabit  water  (as  the  Cetaceans  do),  or 
except  in  the  rare  instances  in  which  old  land-surfaces  have 
been  buried  up  by  sediment,  and  thus  partially  kept  for  our 
inspection,  In  accordance  with  this  law,  the  most  important 
and  abundant  fossil  Annulose  animals  are  Cruttaceans ;  since 
these  not  only  have  a  resisting  shell  or  "  exoskeleton,"  but 
are  also  generally  aquatic  in  their  habits.  The  air-breathing 
classes  of  the  Myriapoda  (Centipedes  and  Millipedes),  the 
Aracknida  (Spiders  and  Scorpions),  and  the  InsaUa  or  true 
Insects,  on  the  other  hand,  have  been  much  less  commonly 
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and  completely  preserved,  though  many  of  them  are  perfectly 
capable  of  being  fossilised.  Almost  all  such  remains,  bow- 
ever,  as  we  have  of  these  three  great  classes,  are  the  remains 
of  isolated  individuals,  which  may  have  been  accidentally 
drowned  ;  or  else  they  occur  in  hollow  trees,  or  in  figments 
of  ancient  soils,  or  in  vegetable  accumulations  such  as  coal 
and  peat  There  is,  however,  a  considerable  number  of 
aquatic  insects  (but  exclusively  in  fresh  water),  and  there  are 
many  insects  the  larvse  of  which  inhabit  water,  whether  this 
be  itesh  or  salt ;  so  that  instances  of  these  occurring  as  fossils 
are  not  very  infrequent. 

e,  MoUusca. — This  sub-kingdom  requires  little  notice,  since 
the  greater  number  of  its  members  possess  hard  structures 
capable  of  being  preserved  in  a  fossil  condition.  Thus,  the 
homy  or  calcareous  polypidoms  of  many  of  the  Polyroa,  the 
shells  of  the  Srachiopods,  the  true  Bivalves,  and  most  of  the 
Gastertyaoda,  the  internal  skeletons  of  the  Cuttle-iishes,  and 
the  chambered  shells  of  the  Tetrabranchiate  Cephalopods,  all 
occur  more  or  less  abundantly  as  fossils.  The  entire  class  of 
the  Tunicaries,  however,  presents  (with  one  or  two  excep- 
tions) no  hard  structures,  and  is  hence  not  with  certainty 
known  by  any  fossil  representative.  Amongst  the  Gaster- 
opoda, f^ain,  the  Sea-slugs  and  their  allies  {Niidibranchiata) 
possess  no  shell,  and  are  unknown  to  the  palfeontoiogist ; 
whilst  the  shell  of  the  Land-slugs  is  extremely  minute,  and 
has  not  been  certainly  recognised  as  fossH  Lastly,  the 
air-breathing  terrestrial  Molluscs,  from  their  habits,  rarely 
occur  as  fossils ;  whilst  those  which  inhabit  rivers,  ponds, 
and  lakes  are  less  largely  represented  than  marine  forms, 
owing  to  the  preponderance  of  salt  -  water  deposits  over 
those  of  fresh  water. 

/,  Vertdrrata. — The  majority  of  Vetebrate  animals  possess 
a  bony  skeleton,  so  that  their  preservation  in  a  fossil  state — 
so  far  as  this  point  is  concerned — is  attended  with  no  diffi- 
culty. Some  of  the  fishes,  however  (such  as  the  Lancelot, 
the  H^-fishes,  and  the  Lampreys),  have  no  scales,  and  either 
possess  no  "  endoskeleton "  or  have  one  which  is  almost 
wholly  cartil^inous.  The  only  evidence,  therefore,  which 
could  be  obtained  of  the  past  existence  of  such  fishes  would 
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be  afforded  by  their  teeth ;  but  these  are  wanting  in  the 
Lancelet,  and  are  very  small  in  the  Lampreys  :  so  that  we 
need  not  wonder  that  theae  fishes  are  unknown  aa  foasils. 
The  higher  groups  of  the  fishes,  however,  taking  everything 
into  consideration,  may  be  said  to  be  abundantly  represented 
in  a  fossil  condition  by  their  scales,  bones,  teeth,  and  defen- 
sive spines. 

The  Amphilttans  are  tolerably  well  represented  by  their 
bones  and  teeth,  and,  as  regards  one  extinct  order,  by 
integumentary  plates  aa  weU.  They  have  also  left  many 
traces  of  their  existence  in  the  form  of  footprints.  Most 
living  Amphibians,  however,  frequent  fresh  watera,  or  spend 
a  great  part  of  their  time  upon  the  land ;  and  hence 
their  remains  would  not  be  apt  to  be  preserved  in  marine 
deposits. 

The  abundance  of  Keptiles  as  fossils  naturally  varies  much, 
according  to  the  habits  of  the  different  orders.  Of  the  living 
orders,  the  Chelonians  (Tortoises  and  Turtles)  are  by  no 
means  rare ;  since  many  of  them  are  habitual  denizens  of 
fresh  water  or  of  the  sea,  whilst  all  are  provided  with  a  hard 
integumentary  skeleton.  The  Snakes  are  mainly  represented 
by  forms  which  frequented  water,  and  especially  by  marine 
forms.  The  Lizards  {LacertUia)  live  mainly  upon  the  land, 
and  do  not  therefore  abound  as  fossils;  but  some  extinct 
forms  (the  Mosasauroids)  were  marine  in  their  habits,  and 
have  consequently  been. pretty  fully  preserved.  The  Croco- 
dUia,  again,  are  so  essentially  aquatic  in  their  habits,  that 
their  comparative  frequency  in  aqueous  deposits  is  no  matter 
of  wonder,  especially  if  we  recollect  that  many  of  the  extinct 
members  of  this  order  seem  to  have  frequented  the  sea  itself. 
Of  the  extinct  orders  of  EeptUes,  the  great  Ichthyosauri  and 
the  Fleaioaauri  and  their  allies  were  marine  in  their  habits, 
and  their  remains  occur  in  what  may  fairly  be  called  pro- 
fusion. The  Flying  Reptiles,  or  Pterodactylea,  would  not 
seem  to  have  any  better  chance  of  being  preserved  than 
Birds,  if  as  good,  yet  their  remains  occur  by  no  means  very 
rarely  in  certain  formations.  The  terrestrial  Devrwaaurs  and 
Dicynodonts,  again,  come  very  much  under  the  laws  which 
regulate  the  preservation  of  Mammals  aa  fossils ;  and  their 
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remains  are  chiefly,  but  not  exclusively,  to  be  found  iu 
fluviatile  deposita. 

As  regards  Birds,  their  powers  of  Bight,  as  pointed  out  by 
Sir  Charles  Lyell,  would  save  them  from  many  destructive 
agencies,  and  the  lightness  of  their  bones  would  favour  the 
long  floating  of  the  body  in  water,  and  thus  increase  the 
chances  of  its  beii^  devoured  by  predaceous  animals.  In 
accordance  with  these  considerations  the  most  abundant  re- 
mains of  Birds  are  referable  to  lai^  wingless  forms,  to  which 
the  power  of  saving  themselves  from  their  enemies  by  fl^ht 
was  denied,  whilst  most  of  their  bones  were  filled  with 
marrow  instead  of  air.  tiexb  in  abundance  after  these  come 
the  remains  of  birds  which  frequent  the  sea-shore,  lakes, 
estuaries,  or  rivers,  or  which  delight  in  marshy  situations. 

Lastly,  as  regards  Mammals,  the  record  is  far  from  being 
a  full  one,  and  from  obvious  causes.  The  great  majority  of 
Mammals  live  on  land,  and  therefore  are  not  likely  to  be 
buried  in  aqueous,  and  especially  in  marine,  accumulations. 
That  this  cause  is  the  chief  one  which  has  operated  against 
the  frequent  preservation  of  Mammalian  remains  is  shown  by 
the  fact  that  when  we  exhume  an  old  land-surface,  the  re- 
mains of  Mammals  may  be  found  in  tolerable  plenty.  Tlie 
strictly  aquatic  Mammals — such  as  Whales,  Dolphins,  and 
the  like — are,  of  course,  much  more  likely  to  have  been  pre- 
served as  fossils  than  the  strictly  terrestrial  forms ;  but  their 
want  of  integumentary  hard  structures  places  them  at  a 
disadvant^^  in  this  respect  as  compared  with  fishes.  In  a 
general  way,  we  may  conclude  that  the  preservation  of  the 
terrestrial  Mammals  as  fossils  is  due  to  the  comparatively 
rare  occurrence  of  a  stray  individual  being  killed  whilst 
swimming  a  river  or  some  other  piece  of  water,  or  being 
mired  in  a  bog,  or  to  the  bones  of  one  that  had  died  on  land 
being  washed  into  some  stream,  and  thence  into  a  lake  or 
into  the  sea,  by  floods ;  but  there  are  other  cases  for  which  a 
different  explanation  must  he  sought.  The  most  abundant 
remains  of  Mammals  have  been  found  in  deposits  which  have 
been  laid  down  in  lakes. 

II.  Unbepkesented  Timk — In  the  second  place,  we  have 
seen  that  the  geological  record  is  very  imperfect,  and  this  of 
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necessity  causes  vast  gaps  in  our  palseontological  knowledge. 
In  this  connection  we  may  briefly  consider  the  evidence  which 
we  possess  as  to  the  immensity  of  the  "  unrepresented  time  " 
between  some  of  the  great  formations,  and  no  better  example 
can  be  chosen  than  that  of  the  Cretaceous  and  Eocene  rocks, 
as  developed  in  Europe.  In  considering  such  a  case,  the 
evidence  may  be  divided  into  two  heads,  the  one  palseonto- 
logical,  the  other  purely  physical,  and  each  may  be  looked 
at  separately. 

The  Chalk,  as  is  well  known,  constitutes  in  Britain  the 
highest  member  of  the  Cretaceous  formation,  and  is  the 
highest  deposit  there  known  as  appertaining  to  the  great 
Secondary  or  Mesozoic  series.  It  is  directjy  overlaid  in 
various  places  by  strata  of  Eocene  age,  which  form  the  base 
of  the  great  Tertiary  or  Kainozoic  series  of  rocks.  The 
question,  then,  before  us  is  this,  What  evidence  have  we  as 
to  the  lapse  of  time  represented  merely  by  the  dividing-line 
between  the  highest  beds  of  the  Chalk  and  the  lowest  beds 
of  the  Eocene ! 

Taking  the  paheontolt^ical  evidence  first,  it  is  found  that 
out  of  five  hundred  species  of  fossils  known  in  the  Upper 
Cretaceous  beds,  only  one  Brachiopod  and  a  few  Foraminifera 
have  hitherto  been  detected  in  the  immediately  overlying 
Eocene  beds.  These  latter,  on  the  contrary,  arc  replete  with 
organic  remains  wholly  distinct  from  those  of  the  Cretaceous 
beds.  It  may  be  said,  therefore,  that  the  very  extensive  as- 
semblage of  animals  which  lived  in  the  later  Cretaceous  seas 
of  Britain  had  entirely  passed  away  and  become  &  thing  of 
the  past,  before  a  single  grain  of  the  Eocene  rocks  had  been 
deposited.  Now  it  is  of  course  open  to  us  to  believe  that 
the  animals  of  the  Chalk  sea  were  suddenly  extinguished  by 
some  natural  agencies  unknown  to  us,  and  that  the  animals 
of  the  Eocene  sea  had  been  in  aa  sudden  and  as  obscure  a 
manner  introduced  en  inasse  into  the  same  waters.  This 
theory,  however,  calls  upon  the  stage  forces  of  which  we 
know  nothing,  and  is  contradicted  by  the  whole  tenor  of  the 
operations  which  we  see  going  on  around  us  at  the  present 
day.  It  is  preferable,  therefore,  to  believe  that  no  such 
violent  processes  of  destruction  and  re-peopling  took  place, 
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bat  tliat  the  marked  break  in  the  life  of  the  two  periods  in-  . 
dicatea  an  eDormoua  lapse  of  time.  The  Cretaeeoue  animals, 
in  consequence  of  the  elevation  of  the  British  area  at  the 
close  of  the  Cretaceous  period,  must  have  mostly  migrated, 
some  doubtless  perishing,  and  others  probably  becoming 
modified  in  the  process.  When  the  British  area  became 
once  more  submerged  beneath  the  sea,  and  became  ^ain  a 
fitting  home  for  marine  life,  an  inmiigration  into  it  would 
set  in  from  neighbonring  seas.  By  this  time,  however,  the 
Cretaceous  animals  must  have  mostly  died  out,  or  must  have 
become  greatly  changed  in  their  characters ;  and  the  new 
immigrants  would  be  forma  characteristic  of  the  Lower 
Eocene.  How  long  the  processes  here  described  may  have 
taken,  it  is  utterly  impossible  to  say,  even  approximately. 
Judging,  however,  from  what  we  can  observe  at  the  present 
day,  the  pal^ontological  break  between  the  Chalk  and  the 
Eocene  indicates  a  perfectly  incalculable  lapse  of  time ;  for 
all  species  change  or  die  out  slowly,  marine  species  especiaUy 
so ;  and  we  have  here  the  disappearance  of  a  large  fauna 
almost  in  its  entirety,  and  its  replacement  by  another  wholly 
distinct. 

In  the  second  place,  to  come  to  the  physical  evidence,  the 
Eocene  strata  in  Britain  are  seen  to  rest  upon  an  eroded  and 
denuded  surface  of  Chalk,  filling  up  "  pipes "  and  winding 
hollows  which  descend  far  below  the  general  surface  of  the 
latter.  Not  only  so,  but  the  base  of  tlie  Eocene  rocks  is 
commonly  composed  of  a  bed  of  rolled  and  rounded  flints, 
derived  from  the  Chalk,  affording  incontestable  proof  that 
the  Chalk  had  been  greatly  worn  down  and  removed  by 
denndatioD  before  the  Eocene  beds  were  deposited  upon  its 
surface.  In  short,  the  Eocene  rocks  repose  "unconform- 
ably  "  upon  the  Chalk,  and  this,  as  is  well  known,  indicates 
the  following  series  of  phenomena :  Firstly,  the  Chalk  was 
deposited  in  horizontal  layers  at  the  bottom  of  the  Cretaceous 
sea.  Secondly,  at  some  wholly  indefinite  time  after  its 
deposition,  after  it  had  become  more  or  less  consolidated, 
the  Chalk  must  have  been  raised  by  a  gradual  process  of 
elevation  above  the  level  of  the  sea,  during  which  it  would 
inevitably  suffer  vast  denudation.     Thirdly,  after  another 
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wholly  indeEnite  period,  the  Chalk  was  agun  submerged 
beneath  the  aea,  in  which  process  it  would  be  subjected  to 
still  further  denudation,  and  an  approximately  level  surface 
would  be  formed  upon  it.  Fourthly,  strata  of  Eocene  ^e 
were  deposited  upon  the  denuded  surface  of  the  Chalk, 
filling  up  all  the  hollows  and  inequalities  of  its  eroded  sur- 
face (fig.  10). 


lu  the  uuconformability,  then,  between  the  Chalk  and  the 
Eocene  rocks,  we  have  unequivocal  evidence — irrespective 
of  anything  that  we  learn  from  Palaeontology — that  the  break 
between  the  two  formations  was  one  of  enormous  length.  In 
Britain  the  interval  of  time  thus  indicated  is  not  represented 
by  any  deposits ;  and  in  Europe  generally  there  are  but 
frc^mentary  traces  of  such.  We  may  be  quite  sure,  bow- 
ever,  that  during  the  time  represented  in  Britain  by  the 
mere  line  of  unconformability  between  the  Chalk  and  the 
Eocene,  there  were  somewhere  deposited  considerable  accu- 
mulations of  sediment.  Whether  we  shall  ever  succeed  in 
discovering  these,  or  any  part  of  these,  is,  of  course,  uncer- 
tain. We  may  be  certain,  however,  that  such  deposits,  if 
ever  discovered,  will  prove  to  be  charged  with  the  remains 
of  animals  more  or  less  intermediate  in  character  between 
those  of  the  Cretaceous  and  those  of  the  Eocene  period ;  and 
the  huge  gap  now  existing  between  these  formations  will 
thus  be  more  or  less  completely  bridged  over.  Indeed,  in 
North  America  we  actually  find  such  a  series  of  deposits, 
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characterised  by  a  tranaitioQal  series  of  fossils,  lying  between 
the  highest  undoubted  Cretaceoua  and  the  lowest  anques- 
tioDed  Tertiary  strata.  The  deposits  ia  questioa — the  so- 
called  "Liguitic  Series" — are  very  thick,  and  the  inter- 
mixture of  Secondary  and  Tertiary  types  of  life  which  they 
exhibit  is  bo  complete,  that  it  has  been  found  a  matter  of 
great  difficulty  to  assign  them  definitely  either  to  the 
Cretaceous  or  to  the  Eocene. 

Amongst  other  well-known  instances  of  more  or  less 
general  unconformity  in  the  stratified  series,  may  be  men- 
tioned that  between  the  Lower  and  Upper  Silurian  (not  al- 
ways present),  that  between  the  Lower  and  Upper  Old  Red 
Sandstone  (also  not  universal),  that  between  the  Carbonif- 
erous and  Permian  rocks,  that  between  the  Permian  and 
Triassic  rocks  (not  universal),  and  that  between  the  Lower 
and  Upper  Cretaceous  rocks.  All  these  physical  breaks  are 
accompanied  by  more  oi  less  extensive  palieontolc^cal  breaks 
as  welL  Other  breaks  which  are  rendered  less  important  by 
the  absence  or  scarcity  of  fossils,  or  which  are  as  yet  not 
thorouglily  established,  are  those  between  the  Lower  and 
Upper  Laurentiau  rocks,  the  Upper  Laurentian  and  Huro- 
nian,  and  the  Upper  Cambrian  and  Lower  Silurian. 

It  may  not  be  out  of  place  to  point  out  that  the  uncon- 
fonnabilities  here  indicated  must  in  no  way  be  confounded 
with  the  common  cases  In  which  beds  of  one  age  rest  uncon- 
formably  upon  beds  far  older  than  themselves.  When,  for 
example,  we  find  beds  of  Carboniferous  age  reposing  uncon- 
fonoably  upon  Silurian  strata,  this  merely  indicates  that,  in 
the  particular  locality  under  examination,  the  Devonian  or 
Old  Red  Sandstone  is  amiseing.  This  absence  of  a  whole 
formation  in  any  given  region  merely  indicates  that  the  area 
WBfl  dry  land  during  the  period  of  that  formation,  or  that  if 
any  rocks  of  this  age  were  deposited  in  this  locality,  they 
were  removed  by  denudation  before  the  higher  group  was 
laid  down.  The  instances  above  spoken  of,  as  where  the 
Carboniferous  rocks  are  succeeded  nnconformably  by  the 
Permian,  though  essentially  of  the  same  nature,  are  distin- 
guished by  an  important  point.  In  the  former  case  we  know 
what  formation  is  wanting,  and  we  can  intercalate  it  from 
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foreign  areas,  and  thus  complete  the  seriee.  In  the  latter 
caae  we  have  two  successive  formations  in  aDconfomiable 
junction,  and  we  are  not  acquainted  with  any  intermediate 
group  of  strata  which  conld  be  intercalated  from  any  other 
locality. 

From  the  above  facts,  then,  we  leam  that  one  of  the  chief 
causes  of  the  imperfection  of  the  paleeontological  record  is 
to  be  found  in  the  vast  spaces  of  time  which  separate  most 
of  the  great  "  formations,"  and  which,  so  far  as  we  yet  know, 
are  not  represented  by  any  formation  of  rock.  In  process 
of  time  we  shall  doubtless  succeed  in  finding  deposits  to 
account  for  more  or  less  of  this  "  unrepresented  time,"  but 
much  will  ever  remaiu  for  which  we  cannot  hope  to  find 
the  representative  sediments.  It  only  remains  to  add  that 
we  have  ample  evidence  within  the  limits  of  each  formation, 
and  wholly  irrespective  of  any  want  of  conformity,  of  such 
lengthened  pauses  in  the  work  of  deposition  as  to  have  al- 
lowed of  great  zoological  changes  in  the  interim,  and  to  have 
thus  caused  irremediable  blanks  in  the  palffiontological  record. 
The  work  of  rock-deposition  is  at  best  an  intermittent  pro- 
cess ;  the  changes  in  a  fa\ma,  if  slowly  effected,  ate  continu- 
ous. Thus  there  are  scores  of  instances  in  which  the  fauna 
of  a  given  bed,  perhaps  but  a  few  inches  in  thickness,  differs 
altogether  from  that  of  the  beds  immediately  above  and 
below,  and  is  characterised  by  species  peculiar  to  itself.  In 
such  cases  we  can  only  suppose,  that  though  no  physical 
break  can  be  detected,  the  deposition  of  sediment  was  inter- 
rupted by  pauses  of  incalculable  length,  during  which  no 
additional  material  was  added  to  the  sea-bottom,  whilst  time 
was  allowed  for  the  dyii^  out  of  old  species  and  the  coming 
in  of  new.  The  incessant  repetition  of  such  inter%'al8  of  un- 
represented time  throughout  the  whole  stratified  series  is 
convincing  proof  that  the  paleeoutological  record  is,  and  ever 
must  be,  a  mere  excerpt  from  the  biological  annals  of  the 
globe, 

Iir.  Thinnino  out  of  Beds. — Another  cause  by  which 
the  continuity  of  the  paleeontological  record  ia  affected  is 
what  is  technically  called  the  "  thinning  out "  of  beds. 
Owing  to  the  mode  in  which  sedimentary  rocks  are  produced. 
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it  is  certain  that  there  nmst  be  for  every  bed  a  point  whence 
the  largest  amount  of  sediment  was  derived,  and  in  the  neigh- 
boorhood  of  ■which  the  bed  will  therefore  be  thickest.  Thus, 
if  we  take  a  series  of  beds,  such  as  sandstones  and  conglo- 
merates, which  are  the  product  of  littoral  action,  and  are  de- 
posited in  shallow  water  near  a  coast-line,  it  will  be  found 
that  these  gradually  decrease  in  thickness,  or  "thin  out,"  as 
we  pass  away  from  the  coast  in  the  direction  of  deep  water. 
On  approaching  deep  water,  however,  we  might  find  that, 
though  the  sandstones  were  rapidly  dying  out,  the  thickness 
of  the  entire  series  might  still  be  preserved,  owing  to  the 
commencement  now  of  some  deep-water  deposit,  such  as  lime- 
stone. The  beds  of  limestone  would  at  first  be  very  thin, 
but  in  proceeding  still  in  the  direction  of  deeper  water,  we 
should  find  that  they  would  gradually  expand  till  they 
reached  a  point  of  masimum  thickness,  on  the  other  side  of 
which  they  would  gradually  thin  out.  Each  individual  bed, 
therefore,  in  any  group  of  stratified  rocks,  may  be  regarded 
as  an  unequal  mass,  thickest  in  the  centre,  and  gradually 
tapering  off  or  "  thinning  out "  in  all  directions  towards  the 
circumference  (fig.  11). 


Fig.  11.— Diagrun  toibowthe  "  thinning  on 
Conglomerst™ ;  ft,  Lit 

In  a  general  way  this  holds  good,  not  only  for  any  partic- 
ular bed,  but  for  any  particular  aggregation  or  group  of  beds 
which  we  may  choose  to  take.  In  the  case,  namely,  of  every 
group  of  beds,  there  must  have  been  a  particular  point 
whither  sediment  was  most  abundantly  conveyed,  or  where 
the  other  conditions  of  accumulation  were  especially  favour- 
able. At  this  point,  therefore,  the  beds  are  thickest,  and 
from  this  they  thin  out  in  all  directions.  It  need  scarcely 
be  pointed  out,  indeed,  that  some  such  state  of  things  is  un- 
avoidable in  the  case  of  every  bed  or  group  of  beds,  since  no 
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sea  is  boundless,  and  the  sedimentary  deposits  of  every  ocean 
must  come  to  an  end  somewhere. 

An  excellent  example  of  the  phenomena  above  described 
may  be  derived  from  the  Lower  Carboniferous  rocks  of  Bri- 
tain. Here  we  may  start  in  South  Wales  and  in  Central 
England  with  the  Carboniferous  Limestone  as  a  great  calcare- 
ous mass  over  1000  feet  in  thickness,  and  almost  without  a 
single  intercalated  layer  of  shale.  Fassii^  northwards,  some 
of  the  beds  of  limestone  begin  to  thin  out,  and  their  place  is 
taken  by  strata  of  a  different  mineral  nature,  such  as  sand- 
stone, grit,  or  shale.  The  result  of  this  is,  that  by  the  time 
we  have  followed  the  Carboniferous  Limestone  into  York- 
shii<e  and  Westmorland,  in  place  of  a  single  great  mass  of 
limestone,  we  have  an  equivalent  mass  of  alternating  strata 
of  limestone,  sandstone,  grit,  and  shale,  with  one  or  two  thin 
seams  of  coal — the  limestones,  however,  stUl  bearing  a  consi- 
derable proportion  to  the  whola  Passing  still  further  north- 
wards, ^e  limestones  go  on  thinning  out,  till  in  Central 
Scotland,  in  place  of  the  dense  calcareous  accumulations  of 
Derbyshire,  the  Lower  Carboniferous  series  consists  of  a  great 
group  of  sandstones,  grits,  and  shales,  with  thick  and  work- 
able beds  of  coal,  and  with  but  few  and  comparatively  insig- 
nificant beds  of  limestone. 

The  state  of  things  indicated  by  these  phenomena  is  as 
follows :  The  sea  in  which  the  Lower  Carboniferous  rocks 
of  Britain  were  deposited  must  have  gradually  deepened  fix>m 
north  to  south.  The  land  and  coast-line  wlience  the  coarser 
mechanical  sediments  were  derived  must  have  been  placed 
somewhere  to  the  north  of  Scotland,  and  the  deepest  part  of 
the  ocean  must  have  been  somewhere  about  Derbyshire.  Here 
the  conditions  for  lime-making  were  most  favourable,  and 
here  consequently  we  find  the  greatest  thickness  of  calcareous 
strata,  and  the  smallest  intermixture  of  mechanical  deposits. 

The  palseontological  results  of  this  are  readily  deducible. 
The  entire  Lower  Carboniferous  series  of  Britain  was  probr 
ably  deposited  in  a  single  ocean,  apparently  destitute  of  land- 
barriers  ;  and  consequently,  taken  as  a  whole,  the  fauna  of 
this  series  may  be  regarded  as  one  and  indivisible.  The  con- 
ditions, nevertheless,  which  obtained  in  different  parts  of  this 
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area  were  very  different ;  and,  aa  a  necessary  result,  certain 
groups  of  animals  flourished  in  certain  localities,  and  were 
absent  or  but  scantily  represented  in  others.  In  the  deeper 
parts  of  the  area  we  have  an  abundance  of  Corals,  with 
Crinoids,  and  at  times  Foraminifera.  In  the  shallower  parts 
of  the  area  there  is,  on  the  otJier  hand,  a  predominance  of 
forms  which  affect  water  of  no  great  depth.  Still  there  is 
no  difference  in  pouit  of  time  between  the  deposits  of  differ- 
ent parts  of  the  area ;  and  in  order  to  obtain  a  true  notion 
of  the  Lover  Carboniferous  fauna,  we  must  add  the  fossils 
derived  from  one  portion  of  the  area  to  those  derived  ^m 


In  many  cases,  however,  we  are  acquainted  witii  but  one 
class  of  deposits  belonging  to  a  given  period.  We  may  have 
the  deep-sea  deposits  of  the  period  only,  or  we  may  know 
nothing  but  its  littoral  accumulations.  In  either  case  it  is 
clear  that  there  is  an  imperfection  of  the  palseontological 
record ;  for  we  cannot  have  even  a  moderately  complete  re- 
cord of  the  marine  animals  alone  of  a  particular  period  unless 
we  have  access  to  a  complete  series  of  the  deposits  laid  down 
in  the  seas  of  that  period. 

IV.  DiSAPPEARAHCB  OF  FossiLl — The  last  subject  which 
need  be  mentioned  in  connection  with  the  imperfection  of  the 
palffiontological  record  is  that  of  the  disappearance  of  fossils 
from  rocks  originally  fossiliferous.  This,  as  a  rule,  is  due  to 
"  metamorphism  " — that  is  to  say,  the  subjection  of  the  rock 
to  a  sufQcient  amount  of  heat  to  cause  a  rearrangement  of  its 
particles.  When  of  at  all  a  pronounced  character,  the  result 
of  metamorphism  is  invariably  the  obliteration  of  any  fossils 
which  might  have  been  originally  present  in  the  rock.  To 
this  cause  must  be  set  down  many  great  gaps  in  the  palseon- 
tological  record,  and  the  irreparable  loss  of  much  fossil  evi- 
dence. The  most  striking  example  which  is  to  be  found  of 
this  is  the  great  Laurentian  series,  which  comprises  some 
30,000  feet  of  highly  metamorphosed  sediments,  but  which, 
with  one  not  absolutely  certain  exception,  has  as  yet  yielded 
no  remains  of  life,  though  there  is  strong  evidence  of  the 
former  existence  in  it  of  fossils. 

Another  not  uncommon  cause  of  the  disappearance  ctf 
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Oi^anio  remains  from  originally  fosailiferoua  deposits  is  the 
percolation  through  them  of  water  holding  carbonic  acid  in 
solutioQ.  By  this  means  fossils  of  a  calcareous  nature  are 
dissolved  out  of  the  rock,  and  may  leave  no  traces  behind. 
This  cause,  however,  can  only  operate  to  any  extent  in  more 
or  less  loose  and  porous  arenaceous  deposits. 

Lastly,  "  cleavage  "  may  be  mentioned  as  a  common  cause 
of  the  disappearance  of  fossils.  The  cleavage,  however,  must 
be  very  intense,  if  it  actually  prevents  the  recognition  of  the 
deposit  as  one  in  which  fossils  formerly  existed,  though  cases 
are  not  uncommon  in  which  this  occurs  through  thousands 
of  feet  of  strata.  As  a  more  general  rule,  however,  it  is  not 
very  difficult  to  determine  whether  a  cleaved  rock  has  ever 
contained  fossils  or  not,  though  it  may  be  quite  impossible 
to  make  out  the  exact  nature  and  character  of  the  organic 
remains. 
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CONCLUSIONS  TO  BE  SBAWN  FBOM  FOSSILS. 

We  have  already  seen  that  geologiats  have  been  led  by  the 
study  of  fossila  to  the  all-important  geaeralisatioa  that  the 
vast  series  of  the  Fossiliferous  or  Sedimentary  rocks  may 
be  divided  into  a  number  of  definite  groups  or  "  formations," 
each  of  which  is  characterised  by  its  ot^anic  remains.  It 
may  simply  be  repeated  here  that  these  formations  are  not 
properly  and  strictly  characterised  by  the  occarrence  in  them 
of  any  one  particular  fossil.  It  may  be  that  a  formation  con- 
tains some  particular  fossil,  or  fossils,  not  occurring  out  of 
tiiat  formation,  and  that  in  this  way  an  observer  may  identify 
a  given  group  with  tolerable  certainty.  It  very  often  hap- 
pens, indeed,  that  some  particular  stratum,  or  sub-group  of  a 
series,  contains  peculiar  fossils,  by  which  its  existence  may 
be  determined  in  various  localities.  As  before  remarked, 
however,  the  great  formations  are  characterised  properly  by 
the  association  of  certain  fossils,  by  the  predominance  of 
certun  families  or  ordei-s,  or  by  an  assewMagt  of  fossil  re- 
mains representing  the  "  life "  of  the  period  in  which  the 
formation  was  deposited. 

Fossils,  then,  enable  us  to  determine  the  tige  of  the  deposits 
in  which  they  occur,  Eosaila  further  enable  us  to  come  to 
very  important  conclusions  as  to  the  mode  in  which  the  fos- 
siliferous bed  was  deposited,  and  thus  as  to  the  condition  of 
the  particular  district  or  r^on  occupied  by  the  fossiliferous 
bed  at  the  time  of  the  formation  of  the  latter.     If,  in  the 
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first  place,  the  bed  contain  the  remains  of  animals  such  as 
uov  inhabit  rivers,  we  know  that  it  is  "  fluviatile  "  in  its 
or^n,  and  that  it  must  at  one  time  have  either  formed  an 
actual  river-bed,  or  been  deposited  by  the  overflowing  of  an 
ancient  stream.  Secondly,  if  the  bed  contain  the  remains  of 
shell-fish,  minute  crustaceans,  or  fish,  such  as  now  inhabit 
lakes,  we  know  that  it  is  "  lacustrine,"  and  was  deposited 
beneath  the  waters  of  a  former  lake.  Thirdly,  if  the  bed  con- 
tain the  remains  of  animals  such  as  now  people  the  ocean, 
we  know  that  it  is  "  marine  "  in  its  origin,  and  that  it  is  a 
fragment  of  an  old  sea-bottom. 

We  can,  however,  often  determine  the  conditions  under 
■which  a  bed  was  deposited  with  greater  accuracy  than  this. 
If,  for  example,  the  fossils  are  of  kinds  resembling  the  marine 
animals  now  inhabiting  shallow  waters,  if  they  are  accom- 
panied by  the  detached  relics  of  terrestrial  organisms,  or  if 
they  are  partially  rolled  and  broken,  we  may  conclude  that 
the  fossUiferous  deposit  was  laid  down  in  a  shallow  sea,  in 
the  immediate  vicinity  of  a  coaat-liue,  or  as  an  actual  shore- 
deposit.  If,  again,  the  remains  are  those  of  animals  such  as 
now  live  in  the  deeper  parts  of  the  ocean,  and  there  is  a 
very  sparing  intermixture  of  extraneous  fossils  (such  as  the 
bones  of  birds  or  quadrupeds,  or  the  remains  of  plants),  we 
may  presume  that  the  deposit  is  one  of  deep  water.  In 
other  cases,  we  may  find,  scattered  through  the  rock,  and  still 
in  their  natural  position,  the  valves  of  shells  such  as  we 
know  at  the  present  day  as  living  buried  in  the  sand  or  mud 
of  the  sea-shore  or  of  estuaries.  In  other  cases,  the  bed  may 
obviously  have  been  an  ancient  coral-reef,  or  an  accumula- 
tion of  social  shells,  like  Oysters.  Lastly,  if  we  find  the 
deposit  to  contain  the  remains  of  marine  shells,  but  that 
these  are  dwarfed  of  their  fair  proportions  and  distorted  in 
figure,  we  may  conclude  that  it  was  laid  down  in  a  brackish 
sea,  such  as  tJie  Baltic,  in  which  the  proper  saltness  was 
wanting,  owing  to  its  receiving  an  excessive  supply  of  fresh 
water. 

In  the  preceding,  we  have  been  dealing  simply  with  the 
remains  of  aquatic  animals,  and  we  have  seen  that  certain 
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conclusiona  can  be  accurately  reached  by  an  examination  of 
these.      As  regards  the  detenniiiatioQ  of  the  coDditions  of 
deposition  from  the  remains  of  aerial  and  terrestrial  animals, 
or  from  plants,  there  is  not  such  an  absolute  certainty.     The 
remains  of  land-animals  would,  of  course,  occur  in  "  sub- 
aerial  "  deposits — that  is,  in  beds,  like  blown  sand,  accumu- 
lated upon  the  leind.     Most  of  the  remains  of  land-animals, 
however,  are  found  in  deposits  which  have  been  laid  down  in 
water,  and  they  owe  their  present  position  to  having  been 
drowned  in  rivers  or  lakes,  or  carried  out  to  sea  by  streams. 
Birds,  Flying   Beptiles,   and  Flying  Mammals    might   also 
similarly  find  their  way  into  aqueous   deposits ;  but   it  is 
to  be  remembered  that  many  birds  and  mammals  habitually 
spend  a  great  part  of  their  time  in  the  water,  and  that  these 
might  therefore  be  naturally  expected  to  present  themselves 
as  fossils  in  Sedimentary  rocks. 
Plants,  again,  even  when  un- 
doubtedly such  as  must  have 
grown  on  land,  do  not  prove 
that  the  bed  in  which  they 
occur    was    formed   on    land. 
Many  of  the  remains  of  plants 
known   to  us  are  extraneous 
to  the  bed  in  which  they  are 
now    found,   having    reached 
their  present  site    by  falling 
into  lakes  or  rivers,  or  being 
carried  out  to  sea  by  floods 
or    gales    of    wind.      There 
are,  however,  many  cases  in 
which   plants   have   undoubt- 
edly grown  on  the  very  spot 
where    we    now    iind    them. 
Thus  it  is  now  generally  ad- 
mitt«d  that   the    great  coal- 
fields of  the  Carboniferous  age  are  the  result  of  the  growth 
in  eita  of  the  plants  which  compose   coal,  and  that  these 
grew  on  vast  marshy  or  partially  submerged  tracts  of  level 
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alluvial  land.  We  have,  moreover,  distinct  evidence  of  old 
land -surfaces,  both  in  the  Coal-measures  and  in  other  casea 
(as,  for  instance,  in  the  well-known  "  dirt-bed "  of  the  Pur- 
beck  series).  When,  for  example,  we  find  the  erect  stumps 
of  trees  standing  at  right  angles. to  the  surrounding  strata, 
we  know  that  the  surface  through  which  these  send  their 
roots  was  at  one  time  the  surface  of  the  dry  land,  or,  in 
other  words,  was  an  ancient  soil  (fig.  12). 

Conclusions  as  to  Climate. — In  many  cases  fossils 
enable  us  to  come  to  important  conclusions  as  to  the  climate 
of  the  period  in  which  they  lived,  but  only  a  few  instances 
of  this  can  be  here  adduced.  As  fossils  in  the  majority  of 
instances  are  the  remains  of  marine  auimala,  it  is  mostly  the 
temperature  of  the  sea  which  can  alone  be  determined  in  this 
way ;  and  it  is  important  to  remember  that,  owing  to  the 
e»stence  of  heated  currents,  the  marine  climate  of  a  given 
area  does  not  necessarily  imply  a  correspondingly  warm 
climate  in  the  neighbouring  land.  Land-climates  can  only 
be  determined  by  the  remains  of  land-animals  or  land-plants, 
and  these  are  comparatively  rare  as  fossils.  It  is  also  im- 
portant to  remember  that  all  conclusions  on  this  head  are 
really  based  upon  the  present  distribution  of  animal  and 
vegetable  life  on  the  globe,  and  are  therefore  liable  to  be 
vitiated  by  the  following  considerations : — 

a.  Most  fossils  are  extinct,  and  it  is  not  certain  that  the 
habits  and  requirements  of  any  extinct  animal  were  exactly 
similar  to,  or  even  at  all  resembling,  those  of  its  nearest 
living  relative. 

6.  When  we  get  very  far  back  in  time,  we  meet  with 
groups  of  organisms  so  unlike  anything  we  know  at  the 
present  day  as  to  render  all  conjectures  as  to  climate  found- 
ed upon  their  supposed  habits  more  or  less  uncertain  and 
unsafe. 

c.  In  the  case  of  marhie  animals,  we  are  as  yet  very  far 
from  knowing  the  exact  limits  of  distribution  of  many  species 
within  our  present  seas ;  so  that  conclusions  drawn  from 
living  forms  as  to  extinct  species  are  apt  to  prove  incorrect. 
For  instance,  it  has  recently  been  shown  that  many  shells 
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formerly  believed  to  be  confined  to  the  Arctic  Seas  have,  by 
reaaoQ  of  the  exteDsion  of  Pokr  cnireiitB,  a  wide  range  to 
the  south ;  and  this  has  thrown  doubt  upon  the  conclusions 
drawn  from  fossil  shells  .as  to  the  Arctic  conditions  under 
which  certain  beds  were  supposed  to  have  been  deposited. 

d.  The  distribution  of  animals  at  the  present  day  is 
certainly  dependent  upon  other  conditions  beside  climate 
alone ;  and  the  causes  which  now  limit  the  range  of  given 
animals  are  certainly  such  as  belong  to  the  eidsting  order  of 
thmgs.  But  the  establiahment  of  the  present  order  of  things 
does  not  date  back  in  many  cases  to  the  introduction  of  the 
present  species  of  animals.  Even  in  the  case,  therefore,  of 
existing  species  of  animals,  it  can  often  be  shown  that  the 
past  distribution  of  the  species  was  different  formerly  to 
what  it  is  now,  not  necessarily  because  the  climate  has 
changed,  hut  because  of  the  alteration  of  other  conditions 
essential  to  the  life  of  the  species  or  conducing  to  its  ex- 


Still,  we  are  in  many  cases  able  to  draw  completely 
reliable  conclusions  as  to  the  climate  of  a  given  geological 
period,  by  an  examination  of  the  fossils  belonging  to  the 
period.  Among  the  more  striking  examples  of  how  the  past 
climate  of  a  region  may  be  deduced  from  the  study  of  the 
organic  remains  contained  in  its  rocks,  the  following  may  be 
mentioned :  It  has  been  shown  that  in  Eocene  times,  or  at 
the  commencement  of  the  Tertiary  period,  the  climate  of 
what  is  now  Western  Europe  was  of  a  tropical  or  sub- 
tropical character.  Thus  the  Eocene  beds  are  found  to 
contain  the  remains  of  shells  such  as  now  inhabit  tropical 
seas,  as,  for  example,  Cowries  and  Volutes ;  and  with  these 
are  the  &uits  of  palms,  and  the  remains  of  other  tropical 
plants.  It  has  been  shown,  again,  that  in  Miocene  times, 
or  about  the  middle  of  the  Tertiaiy  period,  Central  Europe 
was  peopled  with  a  luxuriant  flora  resembling  that  of  the 
warmer  parts  of  the  United  States,  and  leading  to  the  con- 
clusion that  the  mean  annual  temperature  must  have  been 
at  least  30°  hotter  than  it  is  at  present.  It  has  been  shown 
that,  at  the  same  time,  Greenland,  now  buried  beneath  a  vast 
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ice-ehroad,  was  warm  ecough  to  support  a  la^  number  of 
trees,  shrubs,  and  other  plants,  such  as  inhabit  the  temperate 
regions  of  the  globe.  lastly,  it  has  been  shown,  upon  physi- 
cal as  well  as  pakeontolt^cal  evidence,  that  the  greater  part 
of  the  North  Temperate  Zone,  at  a  comparatively  recent 
geological  period,  has  been  visited  with  all  the  rigours  of  an 
Arctic  climate,  resembling  that  of  Greenland  at  the  present 
day.  This  is  indicated  by  the  occurrence  of  Arctic  shells  in 
the  superficial  deposits  of  this  period,  whilst  the  Musk-ox 
and  the  lieindeer  roamed  far  south  of  their  present  limite. 
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CHAPTER   VI. 

DIVISIONS  OF  THE  ANIMAL  KINODOM  AND  SUCCESSION 
OF  ORGANIC  TYPES. 

It  seems  hardly  necessary  to  remark  that  FalEeontology,  as 
a  science,  is  baaed  upon  the  kindred  sciences  of  Zoology  and 
Botany,  and  that  no  satisfactory  acquaintance  with  the  former 
can  be  arrived  at  without  the  previous  acquisition  of  some 
knowledge  of  the  latter.  It  cannot  be  pretended  to  teach 
here  even  the  rudiments  of  these  sciences,  but  there  are  a 
few  points  which  may  be  noticed  as  having  a  special  bearing 
upon  the  study  of  Palfeontology. 

Classification  of  the  Animal  Kingdom. — Leaving  tlie 
vegetable  kingdom  till  we  come  to  speak  of  fossil  plants,  a 
few  remarks  may  be  made  on  the  classification  of  the  animal 
kingdom.  Vast  as  is  the  number  of  known  animals,  all, 
whether  living  or  extinct,  may  be  classed  under  some  five  or 
six  primary  divisions  or  "  morphological  types,"  which  are 
technically  spoken  of  as  the  "  sub-kingdoms."  All  the 
animals  in  any  one  sub-kingdom  agree  with  one  another  in 
their  structural  type,  or  in  the  fundamental  plan  upon  which 
they  are  constructed ;  and  they  differ  from  one  another 
simply  in  the  modifications  of  this  common  plan.  No  com- 
parison, therefore,  is  possible  between  an  animal  belonging 
to  one  Bub-ldngdom,  and  one  belonging  to  another,  since 
their  distinguishing  characters  are  the  result  of  the  modifica- 
tion of  two  essentially  different  ground-plans.  Hence  it  is 
possible  to  arrange  the  animals  of  any  one  sub-kingdom  in 
something  like  a  linear  series,  in  which  the  lowest  of  the 
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aeries  most  closely  approaches  the  primitive  or  ideal  form  of 
the  sub-kingdom,  whilst  the  highest  exhibits  the  greatest 
amount  of  complexity  and  specialisation  of  this  type.  But 
it  is  not  possible  to  establish  any  such  linear  classification 
for  the  animal  kingdom  as  a  whole.  Given  an  animal  of  a 
lower  "  Bub-kingdom  "  than  another  animal,  no  amount  of 
complexity,  no  specialisation  of  organisation,  can  raise  the 
former  above  the  latter.  The  one  may  be  the  result  of  the 
high  evolution  of  a  low  morphological  type,  the  other  may 
be  the  result  of  the  low  evolution  of  a  higher  morphological 
type,  but  the  superiority  of  the  ground-plan  gives  the  latter 
the  higher  place.  We  must  therefore  abandon  the  idea  that 
it  is  possible  to  establish  a  linear  classification  of  the  animal 
kingdom. 

The  terms  "class,"  "order,"  "genus,"  "sub-genus,"  "species," 
and  "  variety,"  are  employed  by  the  palfeontologist  in  pre- 
cisely the  same  sense,  and  with  precisely  the  same  limita- 
tions, as  by  the  zoologist,  We  must  notice,  however,  tiiat  a 
palaoTttological  "  species  "  has  not  always  or  necessarily  the 
same  value  as  that  which  a  zoological  species  ought  invariably 
to  possess.  This  arises  from  the  fact  that  the  determination 
of  fossil  species  is,  almost  without  exception,  based  solely  upon 
the  characters  of  the  hard  parts  of  the  animal — these,  also, 
being  often  but  imperfectly  pi-eserved.  A  fossil  species, 
therefore,  cannot,  from  the  nature  of  things,  be  as  thoroughly 
defined  as  a  living  one ;  and  it  is  both  possible  and  prob- 
able that  variations  in  the  form  of  the  skeleton,  especially 
if  an  integumentary  one,  may  often  depend  upon  mere  in- 
dividual, sexual,  or  local  peculiarities,  which  could  be  at 
once  discovered  in  the  case  of  living  forms,  but  which  can 
hardly  be  detected  as  regards  extinct  types.  Moreover, 
there  is  a  practical  inconvenience  attending  the  use  of  the 
terms  "  variety  "  and  "  sub^nus  "  in  palseontolc^,  which  is 
not  found  in  zoology,  owing  to  the  very  different  nature  of 
the  working  material  of  these  two  sciences.  Many  paheon- 
tologists,  therefore,  prefer,  as  we  think  rightiy,  to  follow  the 
general  practice  of  giving  distinct  names  to  "  varieties  "  and 
"  sub-genera,"  thus  practically  raising  them  to  the  rank  of 
"species"  and  "genera;"  and  this  practice  can  hardly  be  in- 
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jarions  if  accompanied  with  the  well-understood  reservation 
that  this  is  done  aa  a  matter  of  convenience  only,  and  that  a 
somewhat  wider  and  looser  signification  is  to  be  given  to  the 
terms  "  species  "  and  "  genera  "  in  palaeontology  than  would 
be  admissible  in  zoology.  At  the  same  time,  tliia  practice 
may  be,  and  has  been,  carried  too  far;  and  in  the  case  of  very 
variable  or  "  protean "  species,  it  is  certainly  advisable  to 
adhere  to  the  plan  usually  adopted  by  British  pabeontolo- 
gista — namely,  to  define  the  species  by  its  central  type,  and 
to  group  the  variable  forms  under  this  type  as  varieties. 

The  duration  in  time,  or  "  vertical  range,"  of  fossil  species 
varies  greatly  in  different  cases.  Some  species  have  an 
extraordinarily  extended  range,  sometimes  passing  through 
two  or  three  entire  formations,  and  in  such  cases  they 
generally  exhibit  numerous  varieties.  Others,  again,  are 
singularly  restricted,  and  do  not  pass  beyond  the  limits  of 
a  single  subdivision  of  a  formation,  or  sometimes  even  a 
single  bed.  In  any  case,  when  a  species  has  once  fairly 
died  out,  it  never  reappears  again.  As  a  general  rule,  it  is 
the  animals  which  have  the  lowest  and  simplest  oi^anisation 
that  have  the  longest  rai^e  in  time,  and  the  additional  pos- 
session of  microscopic  or  minute  dimensions  seems  also  to 
favour  longevity.  Thus  some  of  the  Foraminifera  appear  to 
have  survived,'  with  little  or  no  perceptible  alteration,  from 
the  Silurian  period  to  the  present  day ;  whereas  large  and 
highly -organised  animals,  though  long-lived  as  individuals, 
rarely  seem  to  live  long  specifically,  and  have,  therefore, 
usually  a  restricted  vertical  range.  Some  genera,  as  some 
species,  are  short  -  lived ;  whereas  others  extend  through  a 
succession  of  zool(^cal  periods  with  extraordinarily  little 
modification.  Among  these  "  persistent  types "  may  be 
specially  mentioned  the  genus  Lingvla  among  the  Braehio- 
poda,  and  NavtUua  among  the  Cephalopoda-,  of  which  the 
former  commenced  in  the  Cambrian  and  the  latter  in  the 
Silurian,  and  both  of  which  are  represented  by  living  species. 
"While  the  great  majority  of  fossils  are  extinct,  and  while 
many  of  them  are  extremely  unlike  any  existing  forms,  no 
fossil  animal  has  hitherto  been  detected  which  cannot  be 
referred  to  one  or  other  of  the  existing  svb-kiitgdoms.     No 


jobyGooglc 


80  INTRODUCTION. 

foasQ  animals,  indeed,  possess  peculiarities  bo  great  as  to 
entitle  them  to  be  placed  in  any  daas,  other  than  in  one  of 
the  classes  of  recent  forms.  On  the  other  hand,  the  differ- 
euces  between  some  of  the  ancient  types  of  life  and  the 
existing  ones  are  so  great,  that  paleeontologiste  have  been 
compelled  to  construct  new  sub-classes,  orders,  and  genera  for 
their  reception.  Moreover,  many  fossil  animals  are  not  only 
very  different  from  living  ones,  but  they  are  often  "  compre- 
hensive "  or  "  transitional "  in  their  characters.  In  other 
words,  fossil  animals  are  often  "  comprehensive  types,"  and 
combine  in  themselves  characters  now  only  found  separ- 
ate, thus  serving  as  "  transitional  links "  between  groups 
vrhich  are  at  present  widely  removed  from  one  another. 
For  example,  the  reptiles  and  the  birds  form  at  the  present 
day  two  widely  separated  classes,  but  some  fossil  birds 
exhibit  peculiarities  of  a  distinctly  reptilian  character,  and 
some  fossil  reptiles  approximate  to  the  birds  in  structure ; 
and  the  fossil  forma  thus  partially  fill  up  the  gap  which  now 
exists  between  these  two  great  divisions  of  the  animal 
kingdom. 

Again,  many  fossil  animals  exhibit  vrhat  are  termed 
"  generalised  "  characters.  If,  namely,  we  construct  for  our- 
selves a  "  general "  or  "  ideal "  type  for  any  great  group  of 
animals — a  type  which  shall  possess  all  the  essential  char- 
acters of  the  group,  without  its  non-essential  ones — then  we 
find  that  the  fossil  animals  of  the  same  group  are  generally 
nearer  to  this  type  than  are  its  livii^  representatives. 
Moreover,  the  older  representatives  of  any  given  group  are 
usually  nearer  to  the  ideal  type  of  the  group — or  are  more 
"  generalised  "■ — than  are  the  later  representatives  of  the 
same  group.  All  zoologists,  however,  admit  that  the  process 
of  development  in  any  individual  animal  is  one  in  which 
there  is  a  gradual  progress  from  the  general  to  the  special, 
the  embryo  being  nearer  to  the  general  type  of  the  group 
to  which  it  belongs  than  the  adult  is.  In  other  vords,  tlie 
embryo  animal  is  more  generalised  than  the  adult,  and  the 
process  of  development  is  one  of  ipecialiaation.  Admitting 
this,  it  follows  that  the  fossil  forms  belongii^  to  any  given 
group,  in  so  tar  as  they  are  "  generalised  "  in  their  characters. 
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may  fairly  be  said  to  be  "  embryonic  "  tj'pea  ;  and  as  the  oldest 
forma  of  any  given  group  are  usually  the  least  specialised,  so 
they  are  likewise  the  most  "embryonic."  It  must  be  borne 
in  mind,  however,  that  if  we  speak  of  fossil  animals  as  being 
"  embryonic  types,"  we  can  only  do  so  on  the  distinct  under- 
standing that  it  is  not  thereby  implied  that  they  were  in  any 
way  degraded  forms,  or  that  they  were  at  all  less  perfectly 
constructed  or  less  thoroughly  adapt«d  for  their  surroundings 
than  their  modem  representatives. 

The  fallowing  synoptical  table  gives  briefly  the  leading 
divisions  of  the  animal  kingdom,  and  the  chief  characters  of 
these: — 

Tabulae  View  op  the  Chief  Divisions  op  the 
Akimal  Kingdom. 

invertebrate  animals. 
sub-kinqdom  i.-protozoa. 

Animal  simple  or  fonniDg  colonies,  UBuallj  very  minute  ;  the  bod^ 
composed  of  the  Btnictunlees,  jellj-Iike,  alljuminoug  substance  called 
"  aarcode  ; "  not  divided  into  regular  segments  ;  having  no  nervous 
sjetem  ;  no  regular  circnUtoty  sfstem  ;  usuall;  no  month  ;  no  de&nite 
bodf-cavity  or  digestive  system,  or  at  most  but  a  short  gullet 

Class  A.  QasaAfiiNiDiE. — Minute  Protozoa  which  inhabit  the  interior 
of  insects  and  other  animals,  and  which  have  not  the  power  of  throwing 
out  prolongations  of  their  siibstBDCe  (pseudopodia).     Ko  moutK 

Class  B.  Rhizopoda  (Root-footed  Protozoa). — Protozoa  which  are  * 
simple  or  compound,  and  have  the  power  of  throwing  out  and  letracting 
prolongations  of  the  body-substance  (the  so-called  "pseudopodia").  No 
mouth,  in  most,  if  not  in  all. 

Order  1.  Mowra.~Ex.  Protogenes. 

Order  2.  AiM^)ta. — Ex.  Protens  Animalcule  (Amccba). 

Order  3.  Foraminifera. — Ex.  Lagena,  Nodosaria,  Olobigerina. 

Older  4.  Sadiolaria. — Ex.  Thalassicolla,  Polycystdna. 

Order  6.  Spongida. — Ex.   Freeh-water  Sponge  (Spongilla),  Venus's 
Flower-banket  (Euplectella). 

Class  C.  Ikfuboua  (InfuEorian  Animalcules). — Protozoa  with  a  mouth 
and  abort  gullet ;  destitute  of  the  power  of  emitting  pseudopodia  ;  fur- 
nished with  vibratile  cilia  or  contractile  filamenta ;  the  body  usually 
composed  of  three  distiQct  layers. 

Older  I.  OiUata. — Ex.  Bell-animalcule  (Vorticella),  Paramoidum. 

Order  S.  Flagdiata.—Ex.  Peranema. 

Orders.  Suctona. — Ex.  Podophrya. 
VOL.  I.  F 
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3UBKINQD0M  II.-CCELENTERATA. 
AuiniBla  who9e  alimentBrf  canal  communicateB  freely  with  the  general 
aavity  of  the  body  ;  body  composed  eMentially  of  two  layers  or  mem- 
branes,  an  outer  layer  or  "  ectoderm,"  and  an  inner  layer  or  "  endoderm," 
No  circulatory  syetem  or  heart,  and  in  most  no  nervotts  system.  Skin 
fumiahed  with  minute  stinging  organs  or  "thread-cells."  Distinct  re- 
productive ot^ans  in  alL 

Cl*bb  a.  Hydrozoa. — Walla  of  the  digestive  sac  not  separated  from 
those  of  the  general  body-cavity,  the  two  coinciding  with  one  another. 
Reproductive  organs  eitemol. 
Sub-claas  I.  Hidboipa  (Hydroid  Zoophytes). 

Order  1,  Hydrida.—Ex.  Fresh-water  Polype  (Hydra). 
Order  2.  Gorynida. — Ex.  Pipe-coralline  (Tubularia), 
Order  3.  Sert'ulimda.—Ex.  Sea-fire  (Sertuleiia). 
Sub-class  II.  SlPHONOFHORA  (Oceanic  Hydrozoa). 
Order  4.  Calycaphorida.- — Ex.  Diphyes. 

Order  6.  Phy/ophorida. — Ex.  Portuguese  Man-of-war  (Phyialia). 
Sub-claas  III,  Discophora  (Jelly-fish). 

Order  6.  Medatidce, — Ex.  Trachynema. 
Sub-clasB  IV.  LuoBBNARiDA  (Sea-blubbers). 
Order  T.  LuixnuindiK. — Ex.  Lucemaria, 
Order  8.  Pelag\da.—Ex.  Pelagia. 
Order  9.  Shvantomida. — Ex.  Rhizostoma. 
Sub-class  Y.  Giuftolitid.e  (extinct). 
Sub-class  VI.  Hydeocohallijj*:.— £■:!;.  Millepora,  Stylaster. 
Class  B.  Actinozoa. — Stomach  opening  below  into  the  bt>dy-cavity. 
which  is  divided  into  a  number  of  compartments  by  a  series  of  vertical 
pattiUons  or  "  mesenteries."    Reproductive  oigans  intemaL 

Older  1.  Zoan&Mria. — Tentacles  simply  rounded,  in  multiples  of 
five  or  ail. — Ex.  Sea-anemones  (Actinidw),  Star- 
corals  (AstraidK),  Brain-corals  (Ueandrina),  Madre- 
pores (Madreporidte). 
Order  2.  Akyonaria.- — Tentacles  fringed,  in  multiples  of  four. — 
Ex.  Dead-man's-toes  (Alcyonium),  Organ-pipe  Coral 
(Tubipora),  Sea-rods  (Virgularia),  Sea-pens  (Penna- 
tula),  Red  Coml  (Corallium),  Heliopora,  HelioUtea. 
Order  3.  Rvgota  (extinct). 

Order  4.  CfencpWo.  —  Animal  oceanic,  Rwimming  by  means  of 
bands  of  cilia  or  "  ctenophores." — Ex.  Plenrobrachia, 
Venus's  Girdle  (Cegtum), 

SUB-KISaLOU  Ilt.—ANSULOIDA. 

Animals  in  which  the  alimentary  canal  b  completely  shut  off  from  the 

general  cavity  of  the  body,  and  in  which  there  is  a  distinct  nervous 

system.    A  true  blood-circulatory  system  may  or  may  not  be  present. 

In  all  there  is  a  peculiar  system  of  canals,  which  usually  communicate 
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with  the  exterior,  and  which  constitnte  what  is  called  the  "  watar-vascnlar 
fljdtem."    The  l>ody  of  the  adnlt  ii  never  composed  of  a  BUccesBJcn  of 
definite  rings,  or  provided  with  successive  pairs  of  appendaj^es  disposed 
symmetrically  on  the  two  sides  of  the  body. 
The  Annuloida  are  divided  into  two  great  classes : — 

A,  ECBIHODXRMATA. — Integument  composed  of  numerous  calcareouB 
plates  joined  U^ther,  or  leathery  and  having  grains,  spines,  or  tubercles 
of  calcareons  matter  developed  in  it.  Water- vaacular  system  (ambulacral 
eystem)  mostly  employed  in  locomotion,  and  generally  communicating 
with  the  exterior.  Adult  generally  more  or  less  star-lihe  or  "radiate" 
in  shape  ;  yonng  mostly  showing  more  or  leas  complete  "  bilateral  sym- 
metry,"  that  is,  showing  similar  parts  on  the  two  sides  of  the  body. 
Nervous  system  radiate. 

Order  1.  Crinoidea  (Sea-lilies). — Ex.  Feather-star  (Comatula),  Me- 
dusa-head Crinoid  (Pentacrinus),  Stone-lily  (En- 
Order  S.  BtatUndat  (extinct). 

Order  3.  O^ttoidea  (extinct). 

Order  4.  Ophiv/roidta  (Brittle-stars). — Ex.  Sand-stars  (Opbinm), 
firinle-stars  (Ophiocoma). 

Order  6,  Atieroidta  (Star-lisbes). — Ei.  Cross-fish  (Uraster),  Siuv- 
star  (Solaster),  Cushion-star  (Qoniaster). 

Ot^eti.  EAinoidta  (Sea -  urchins).  —  fx.  Sea-eggs  (Echinus), 
Heart,  urchins  (Spatangus). 

Order  7.  HolothttToidta  (Sea-cucumbera).  —  j:^.  Trepangs  (Holo- 
thuria). 

B.  ScOLBGIDA. — Body  usually  flattened,  or  cylindrical  and  worm-like ; 
integument  soft,  without  lime.  Water-vascular  system  not  assisting  in 
locomotion.  Nervous  system  consisting  of  one  or  two  gnnglia  or  little 
masses,  and  not  disposed  in  a  radiate  manner. 

Order  1.  Taniada.—Ex.  Tape-worm  (T«nift). 
Order  2.  Tremaioda  (Suctorial  worms).  —  Ex.    Liver-fluke  (Dis- 
order 3.  Turbdlaria.—Ex.  Planariuis  (Planaria),  Ribbon-wonns 

(Nemertea), 
Order  4.  AeantKoetphtUa   (Thorn-headed  worms).  — £x.    Echino- 

rhynchus. 
Order  B,  Qordiaaa  (Hair-worms).— JEa;.  Gordiuei 
Order  6.  Nematode  (Thread-worms), — Ex.  Ronnd-wonn  (Aacaris), 

Quinea-worm  (Filaria),  Vinegar-eel  (Anguillula). 
Order  7.  Bolifera  (Wheel-animalcules). — Ex.  Builder -animalcule 

(Melicerta),  Flexible  Creeper  (Notommata). 

SVB-KINODQM  ir.—ANXULOSA. 

Animal  composed  of  numerous  definite  segments  or  "  somites,"  arranged 

longitndinally,  one  behind  the  other.    Nervous  system  always  present, 

consisting  ^picolly  of  a  double  chain  of  nervous  masses,  or  ganglia, 
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which  are  placed  along  the  lower  surface  of  the  body,  and  fonn  a  collar 
aroond  the  gullet  Limba  (when  present)  tamed  toward  that  side  of  the 
body  on  which  the  main  roasaeH  of  the  nervona  eystem  are  aituated. 

Diviaioif  A.  Anarthbopoda. — Locomotive  appendages,  when  pres- 
ent, not  distinctly  jointed  or  articulated  to  the  body. 
Class  I.  Gephtbea. — Ex.  Spoon-wonna  (Sipuncnlua). 
Class  II.  Annelida  (Ringed-woims). 

Order  1.  Himdinea,~Ex.  Leeches  (SangtiisuRa,  Hirado). 
Orders.  Oligochata.—Ex.     Earth -worms    (LumbricnB),    Water- 

worma  (Nais). 
Order  3.  Ttiiieolii.—Ex.  Tube-wonns  (Serpnia). 
Order  4.  Erranlia. — Ex.  Sand-wonns  aud  Sea-centipedea  (Nereis), 
Lob-woim  (Arenicola),  Sea-mouBe  (Aphrodite). 
Clabb  III.  CH£TOaiiATHA  (Attow- worms). ~£'a;.  Sagitta. 
Division  B.  Arthbofoda. — Locomotive  appendages  jointed  or  articu- 
lated to  the  body. 

Class  I.   Crustacea.— Reapiration  aqnatic,  nioatly  by  gilla.     Two 
pairs  of  antennre.    Limbs  more  than  four  pairs  in  number,  carried  upon 
the  thorax,  and  generally  upon  the  abdomen  also. 
Order    1.  lehthyophihira. — Ex.  LeroKa. 
Order    2.  Rhisoctphala.—Ex.  Peltogaater. 
Order   3.  Cirnpedia.—Ex.  Barnacles  (Lepaa),  Acom-ubella  (Bal- 

Order   4.  Oitraeoda. — Ex.  Water-fleaa  (Cypria). 

Order   5.  Copepoda Ex.  Cyclopa. 

Older  '6.  Cladoetra. — Ex.  Branch  ed-bomed  Water-flea*  (Daphnia). 

Order    7.  PhyUopoda. — Ex.  Brine-siirimp  (Artemia). 

Order    8.  TrUobita  (Eitinct), 

Order   9.  Meroitomata. — Ex.  King-crabe  (Limutns). 

Order  10.  Lcemodipoda. — Ex.  Whale-louse  (Cyamus). 

Order  11.  Iiopoda.^Ex.  Wood-lice  (Oniacua),  Slaters  (Ligia). 

Order  12.  Amjdiipoda. — Ex.    Sandhopper    (Talitrua),   Freah-water 

Shrimp  (Qammarus), 
Order  13.  Stomapoda. — Ex.  Locuat-shrimp  (Squilla). 
Order  14.  Decapoda.~Er.,  Lobster  (Homanis),  Cray-fish  (Aatacus), 

Shrimps  (Crangon) ;  Hermit-crabs  (Pagurua) ;  Crabs 

(Cancer,  Carcinua),  Land-crabs  (Gecarcinus). 
Class  IL  ARACHNroA. — Respiration  aerial,  by  pulmonary  chambers 
or  air-tubea  (trachete)  in  the  higher  forma.     Antennie  converted  into 
jawa.    Head  and  thorax  amalgamated.    Fooi  pairs  of  l^s.    Abdomen 
without  limbs. 

Order  1.  Podotomala  (Sea-apiders). — Ex.  I^cnogonum. 

Order  2.  Monomerosomata.  —  Ex.    Hites    (Acanis),  Water -mites 

(Hydrachna),  Ticks  (Ixodes). 
Older  3.  AddarlhToioTnala.  —  Ex.    Harvest -spiders  (Phalangidss), 

Book- scorpions  (Chelifer), 
Order  4,  Pedipalpi.—Ex.  Scorpions  (Scorpio). 
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Order  B.  Araneida. — Ex.  HoMe-spidera  (Tegenaria),  Field-Bpidew 

(Epetra). 

Class  III.  Mtbiapoda. — Respiration  aerial,  b;  tnLchete  (aii-tubes)  or 

hj  the  skin.     Head  dutinct ;  temainder  of  hody  composed  of  nearly 

Kimilar  Hgrnents.     Legs  more  than  eight  pairs  in  nuniber,  and  borne 

partly  npon  the  abdomen.    One  pair  of  anteonra. 

Ovdet  1.  Chilopoda.—Ex.  Centipedes  (Seal opendra). 
Order  2.  Ckil^gyiatlM.—Ex.  MiUipedea  (lulua). 
Order  a  PaiiTOpoda.—Ex.  Panropns. 
Order  4,  Onychophora. — Ex.  Peripattia. 
Class  IV.  Inskcta. — Respiration  aerial,  by  trochee.    Head,  thorax, 
and  abdomen  distinct.    One  pair  of  antennm.    Three  pairs  of  legs,  and 
generally  two  paira  of  winga  on  the  thorai.    No  locomotive  limbs  on  the 
abdomen. 

Order    1.  Anoplura. — Ex.  Lice  (Pediculus). 

Order    2.  Mailophaga  (Bird-lice). 

Order   3.  CoJfentioIa,— Jfx.  Podura. 

Order    4.  Thytanura. — Er.  LepiBma. 

Orfer    6.  Semiptera.—Ex.  Plant-lice  (Aphides),  FieU-bog  (Pen- 

tatoma),  Cochineal  Insects  (Coccus). 
Order    6.  Orthopteret.  —  Ex.   Locusts    (Aciydium),    Oraashoppers 

(Gryllus),  Crickets  (Aoheta),  Cockroach  (Blatta). 
Order    7.  Neuroptera.  —  Ex.  White   Ants  (Tennes),  Dragon-flies 

(Libellulidte),  May-fiies  (Ephemeriite). 
Order    8.  Aphaniptera. — Ex.  Fleaa  (Pulei). 
Order    9.  iJ^fe™.— fin  Gnats(Cuiei),Crane-flies{Tipula),HoU8e- 

flies  and  Flesh-flies  (Musca). 
Order  10.  Ltpidoptera  (Butterflies  and  Moths). 
Order  II.  Hymawptera.—Ex.  Bees  (Apidm),  Humble-beee  (Bom- 
bidffl),  Wasps  (Vespidfe),  Ante  (Formicidw),  Saw- 
flies  (Tenthredinidte). 
Order  1^  Str^inpUra. — Ex.  Stylops. 
Order  13.  CoUt^tera  (Beetles). 

SUB-KIJVGDOM   V.—MOLLUaCA. 

Aikimal  soft-bodied,  generally  with  a  hard  covering  or  aheU.  Nervoiia 
xystem  consisting  of  a  single  ganglion  or  of  scattered  paire  of  ganglia.  A 
distinct  heart  and  breathing-organ,  or  neither. 

The  Mollnsca  may  be  divided  into  the  two  following  primary  divisions, 
irontaining  the  following  classes  ; — 

A.  Mou-nscoiDA. — Nervous  system  consisting  of  a  single  ganglion  or 

of  ft  principal  pair  of  ganglia.    No  heart,  or  an  imperfect  one. 

Class  I.  Polyzoa, — Animal  always  forming  compound  growths  or 

colonies.  No  heart.  The  mouth  of  each  zooid  surrounded 

by  a  circle  or  crescent  of  dliated  tentacles. — Ex.  Sea- 

roats  (FIuBtraX  Lace-coral  (Fenestella). 
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Class  II.  Tunicata.— Animal  simple  or  compound,  enclosed  in  a 
leatheiy  or  gristly  case,  An  imperfect  heart.— Ei.  Sea- 
squirts  (Ascidia). 

Class  III.  BbachiOpoDA. — Animal  always  simple;  the  body  enclosed 
in  a  bivalve  shell.  Mouth  furnished  with  two  long 
fringed  processes  or  "anns." — Ex.  Lamp.shells  {Tere- 
bratula). 

B.  MoLLiTSGA  Proper. — Nervous  system  consisting  of  three  principal 
pairs  of  ganglia.  Heart  well  developed,  consisting  of  at  least  two 
chambers. 

Clabb  IV.  Lauellibranchiata  (Bivalve  Shell-fiah).  —  No  distinct 
head  ;  no  teeth.  Body  enclosed  in  a  shell  which  is  "  bi- 
valve," or  composed  of  two  distinct  pieces.  One  or  two 
leaf-like  gills  on  each  side  of  the  body. — Ex,  Oyster 
(Ostrea),  Scallop  (Pecten),  Mussel  (Mytiius). 

Class  V.  Gasteropoda. — A  distinct  head  and  toothed  tongue.  Shell 
absent  in  some,  but  mostly  present,  and  usually  consisting 
of  a  single  piece  ("univalve").  Locomotion  effected  by 
creeping  about  on  the  flattened  under-surface  of  the  body 
("  foot "),  or  by  swimming  by  means  of  a  fin-like  modifi- 
cation of  the  same. — £z.  Whelks  (Buccinum),  Limpets 
(PateUa),  Sea-lemons  (Doria),  Land-snails  (Helix),  Slugs 
{Lima:c). 

Class  VI.  pTEROPODA.~AnimaI  oceanic,  swimming  by  means  of  two 
wing-like  appendages,  one  on  each  side  of  the  head. 
Size  minute. — Ex.  Cleodora. 

Class  VII.  Cephalopoda. — Animal  with  eight  or  more  arms,  placed 
in  a  circle  round  the  mouth.  Mouth  armed  with  JBw», 
and  a  toothed  tongue.  Two  or  four  plume-like  gills. 
In  front  of  the  body,  a  muscular  tube  ("  funnel ")  through 
which  is  expelled  the  water  which  has  been  used  in 
respiration.  An  external  shell  in  some,  an  internal 
skeleton  in  others. — Ex.  Calamaries  (Loligo),  Cuttle- 
ftsbes  or  Poulpes  (Octopus),  Paper-Nautilus  (Argonauta), 
Pearly  Nautilus  (NautUus). 

VERTEBRATE  ANIMALS. 
SUB-KIsaoOM  VI.— VERTEBRA  TA. 

Body  composed  of  a  number  of  definite  segments  arranged  longitudi- 
nally, or  one  behind  the  other.  The  main  masses  of  the  nervous  system 
are  placed  on  the  dorsal  aspect  of  the  body,  and  are  completely  shut  off 
from  the  general  body-cavity.  The  limbs  (when  present)  are  turned 
away  from  that  side  of  the  body  on  which  the  main  nervous  masses  are 
sitmited,  and  are  never  more  than  four  in  number.  In  most  cases  a  back- 
bone, or  "  vertebral  column,"  is  present  in  the  fully-grown  animal. 

Class  I.  Pisces  (Fishes), — Breathing -organs  iu  the  fonu  of  gilK 
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Heut  luually  of  two  chambers,  nrety  of  thiee.    Blood  cold.    Limbs, 
when  present,  conTeited  into  fuis. 

Order  1.  PharyTtgobrandni. — Ex.  Lancelet  (Amphioxua). 

Older  2.  M^npobrajuAii—Ex,  Lamprey  (Petromyzon),  Hag-fish 

(Mysine). 
Orders.  TeUoitei  (Bony  Fiahee).  —  Ex.  Eele   (MaiKnidn),  Her- 
rings (ClnpeidEe),  Salmon  and  Trout   (Salmonids), 
Cod  and  Haddock  (Gadidte).  Flat-fishes  (Henronec- 
tidas).  Perch  (PercidBe),  Mackerel  (Scomberidfe). 
Order  4,  Oanoidei.  —  Ex.  Bony  Pike   (Lepidosteus),  Paddle-fish 

(Spatularia),  Sturgeon  (Sturio). 
Order  &.  EUumobranAii.  —  Ex.  Sharks  (Carcharidts),  Dog-fishes 
{ScylliadEB},  Saw-fishea  (Pristie),  Rays  and  Skates 
(Raiide). 
Order  6.  DipnoL—Ex.  Hud-fish  (Lepidouren),  Ceratodus. 
Class  IL  Ahfeibia  (Amphibians] . — Breathing-organs  in  the  young 
in  the  form  of  gUla  alone,  afterwards  lungs,  either  alone  or  associated  with 
gills.     Skull  joined  to  the  backbone  by  two  Brdcalating  sorfaces  ("  con- 
dyles ").    Limbs  never  converted  into  fins.    Heart  in  the  young  of  two 
chambers  only,  in  the  adult  of  three  chambers.    Blood  cold. 
Order  1.  Labyrinthodonlia  (extinct). 
Order  S.  Ojihiomorpha. — Ex.  Ctecilia. 

Orders.  Urodeia  (Tailed  Amphibians).— £1.   Watei-newts   (Tri- 
ton), Salamanders  (Salamandra),  Axolotl  (Siredon), 
Mud-eel  (Siren). 
Order  4.  Anoura  (Tailless  Amphibians).— 5i.  Frogs  (Rana),  Tree- 
frogs  (Hyla),  Tmids  (Bufo),  Surinam  Toads  (Pipa). 
Class  III.  Beptilia  (Kepti lee).— Respiratory  organs  in  the  form  of 
lungs,  never  in  the  form  of  gills.    Heart  three-chambered,  rarely  fout- 
chanibered,  the  pulmonary  and  systemic  circulations  always  connected 
together  directly,  either  in  the  heart  itself  or  In  its  immediate  neighbour- 
hood.    Blood  cold.    Skull  jointed  to  the  backbone  by  a  single  articulat- 
ing surface  or  "  condyle."     Each  half  of  tha  lower  jaw  composed  of  seve- 
ral pieces.    Appendages  of  the  skin  in  the  form  of  scales  or  plates. 

Order  1.  Cheltmia.  —  Ex.    Turtles    (Cheloniidn),  Soft    Tortoises 
(Trionycidoe),  Terrapins  (Emydide),  Land  TortoiscH 
(Testudinidn). 
Order  2.—0phidia.—Ex.  Vipers  (Viperida),  Rattlesnakes  (Crota- 
lidee).  Sea-snakes  (Hydrophidee),  Boas  and  Pythons 
(Boidce). 
Orders.  LaceTtUia.—Ex.  Lizards  (Lacerta),  Ignanaa  (Iguanidra), 
Monitors  (Varanidn),  Chameleons  (Chamfeleontidn). 
Order  4.  Croeodilia.—Ex.  Crocodiles,  Alligators,  Oavials. 
Order  5.  leMhyirpterygia  (extinct). — Ez.  Idithyoeanrus. 
Order  6.  Snuroptery^  (extinct). — Ex.  Plesiosaurus. 
Order  7.  Pterotauria  (extinct). — Ex.  Pterodactyl  us,  Pteranodon. 
Order  B.  Anomodontia  (extinct). — Ex.  Dicynodon. 


.obyGooglc 


88  INTEODUCnON. 

Order    9.  Deinoaauria  (extinct). — Ex.  I^anodon. 

Order  10.  Theriod/mtia  (eitinct), — Ex.  Cynodiaoo. 
Clabs  IV,  Atkb  (Birds). — BeBpiratory  organs  in  the  form  of  lunga, 
never  in  the  form  of  gills.  Lun^  connected  with  air-receptBcles  placed 
in  difierent  parte  of  the  bodj.  Heart  four-chambered.  Blood  warm. 
Skull  connected  with  the  backbone  by  a  single  articulating  Bnriace  or 
"condyle."  Each  half  of  the  lower  jaw  composed  of  several  pieces.  Ap- 
pendages of  the  skin  in  the  form  of  feathere.  Cavities  of  the  chest  and 
abdomen  not  separated  by  a  complete  partition  (diaphragm).  Fore-limha 
converted  into  wings.    Animal  oviparous. 

A.  Suh-claas  Eatit^ 

Orders.  CuTtoret  (Runners). — Ex.  Ostrich  (Struthio),  American 
Ostrich  (Rhea),  Emeu  (Droniiuos),  Cassowary  (Casu- 
arius),  Apteryz,  Dinornis. 

B.  Snb-class  Carinats. 

Order  1.  Nalatores  (Swimmers). — Ex.  Penguins  (Spheniscidte), 
Gulls  (I^d»),  Bucks  (Anatidce),  Geese  (Anserinie), 
Flamingos  (PWnicopterides). 

Order  2.  Grallatorea  (Wtiden).~Ex.  Rails  (Rallidie),  Water-hens 
(GallinulB),  Cranes  (Gruidse),  Herons  (ArdeidsE), 
Storks  (Ciconinse),  Snipes  and  Woodcock  (Scolop- 
acidee),  Plovers,  Oyster- catchers,  and  Turnstones 
(Chaiadriidte). 

Order  3.  Sawrtt  (Scratoher8).^Ei.  Grouse,  Ptarmigan,  PartridgeB, 
Pheasants,  Turicey,  Quinea-fowl,  Domestic  Fowl, 
Pea -fowl  (Gallinacei) ;  Doves,  Pigeons,  Ground- 
pigeons  (Columbacei). 

0Kler4.  ScanKTes  (Climbers), — Ex.  Cuckoos  (Cuculidse),  Wood- 
peckers (Picidee),  Parrots,  Cockatoos,  Parrakeets 
(Psittacidra),  Toucans  (Rhamphastidn),  Trogons 
(Trogoltid»). 

Order  5.  Iiiteaorei  (Perchers). — Ex.  Crows,  Magpies,  and  Jays 
(Corvidfc),  Starlings  (Sturaides),  Finches,  Orosbeaks, 
Larks  (FringillidGs),  Thrushes,  Blackbirds,  Orioles 
(Merulidie),  Creepers  and  Wrens  (Certhidae),  Hum- 
ming-birds (Trochilidso),  Swallows  and  Martins 
(Hirundinidse),  Swifts  (Cypsehdte),  King  -  fishers 
(Alcedinidie). 

Order  6.  Rixptwet  (Birds  of  Prey),— £1,  Owls  (Strigidm),  Falcons 
and  Hawks  (Falconidee),  Eagles  (Aquilina)  Vultures 
(Vulturidee),  American  Vultures  (Qithortidie),  Sec- 
retary-bird (Gypogeranus). 
0.  Sub-class  Saurornithes. 

Order  Saurant  (eitinot). — Archwopteryx. 

D.   Sub-class    OSONTORNITHEB. 

Order  1.   OAontoha  (extinct). — Hesperomis. 

Older  2.  OdotUotonam  (extinct). — Ichthyomis,  Apatomis. 
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Class  V.  Mahmaua  (Mammalit  or  Quadrupeds). — BeBpiiatoiy  organs 
in  the  form  of  lungs,  which  are  never  connected  with  air-saw  placed  in 
difTtsrent  ports  of  the  body.  Heart  four-cbambered.  Blood  warm.  Skull 
united  to  the  backbone  by  two  articnlatiug  surfaces  or"  condyles."  Each 
half  of  the  lower  jaw  composed  of  a  single  piece.  Appendices  of  the  skin 
in  the  fonn  of  hain.  Young  nourished  by  means  of  a  special  fluid — the 
milk, — secreted  by  special  glands — the  mammaiy  glands.  Animal  vivi- 
parous. 

A.  NoN-FLACKNTAL  Mauhau. — The  young  not  provided  with  a 
placenta. 

Order  1.  Monotremata. — Ex.  Duck-mole  (Omithorhynchus),  Spiny 
Ant-eater  (Echidna). 

Order  2.  Martu'piaiia.—Ex.  Kangaroos  (Macropodids),  Kangaroo- 
b«ir(PhascoIarcto3),Phaianj!erB(Phalangi9tideB),  Op- 
ossums (Didelpbidte),  Tasmanian  Devil  (Dasyurus). 

B.  Placektal  Mamualb. — The  young  provided  with  a  placenta. 

Order  3.  Edentata. — £x.  Sloths  (Bradypodidie),AnnadilIos(Dasy- 
podids).  Hairy  Ant-eaters  (Myrmecophagidn),  Scaiy 
Ant-eaters  (Manis). 

Order   4.  Sirtnia. — Ex.  Manatee  (Manatus),  Dugong  (Halicore). 

Older  0,  (ktacta,  —  Ex.  Whalebone- whales  (B^ianidte),  Sperm- 
whales  (Physeteride),  Dolphins  and  Porpoises  (Del- 
phinidffljt 

Order  6.  Z7njri(Iato(HoofedQuadrupedB).—£z.  Rhinoceros;  Tapir; 
Horse,  Ass,  and  Zebra  (Equidls) ;  Hippopotamus  ; 
Ki^  and  Peccaries  (Suida) ;  Camels  and  Llamas 
(Camelidee) ;  Giraffe ;  St^^  Elk,  Reindeer  (Cer- 
videa) ;  Antelopes  (Antilopid») ;  Sheep  and  Ooats 
(Ovides) ;  Oxen  and  Buffaloes  (Bovidts). 

Order    7.  Binocerata  (extinct). — Ex.  Dinoceras. 

Order    8.  TOtodonita  (extinct).— i^i.  Tillotherinm. 

Order    9.   Toxodontia  (extinct). — Ex.  Toxodon. 

Order  10.  Hyraeoidea. — Ex.  Hytai. 

Order  11.  Prohoieidea.—Ex.  Elephants  (ElepLaa). 

Order  12.  CamivorcL—Ex.  Seals  (Phocidte),  Bears  (Ursidie),  Ra- 
coons (Procyon),  Badgers  (Melids),  Weasels  and 
Otters  (MuBt<:1id(e),  Civets  and  Genettes  (Viver- 
ridfe),  Dogs,  Wolves,  and  Foxes  (Canidn) ;  Hyaenas 
(Hynnidn),  Cats,  Lyniea,  Leopards,  Tigers,  Lions 
(Felidce). 

Order  13.  Bodentia. — Ex.  Hares  and  Rabbits  (Leporidn),  Porcu- 
pines (Hystricidsg),  Beavers  (Castoridn),  Mice  and 
Rats  (MuridEs),  Dormice  (Myoxidos),  Squirrels  and 
Marmota  (Sciuridee). 

Order  14.  ChtiToplera.  —  Ex.  Common  Bats  (Vespertilionide), 
Horseshoe-bats  (Rhinolophidw),  Vampire-bats  (Phyl- 
lostomidjB),  Fox-bats  (Pteropidra). 
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Order  15.  Itmctivora—Ex.  Moles  (Talpidte),  Shrew-mice  (Sori- 
cidte),  Hedgehogs  (Erinaceidie). 

Order  IS.  Quadrumatui. — Ex.  Aje-aye  (Cheiromys),  Lemurs  (Le- 
murida),  Spider-monkeys  (Ateles),  Howlers  (My- 
cetee).  Macaques  (Macacos),  Babooiu  (Cynocephalus), 
Gibbons  (Hylobates),  Oiang  (Simia),  Gorilla  and 
Chimpanzee  (Troglodytes). 

Order  17.  JJintano.— Man  (Homo  Sapiens). 


General  Succession  and  Progression  of  Okgauic  Types. 
— Wbibt  admitting  the  impossibility  of  arranging  the  animal 
kingdom  upon  any  linear  plan,  no  doubt  obtains  as  to  the 
fact  that  some  of  the  iundamental  "  morphological  types,"  or 
plans  upon  which  animals  have  been  constructed,  are  higher 
than  others.  Every  one  admits,  for  example,  that  the  Ver- 
tebrate type  is  higher  than  the  MoUuscan  or  the  Articulate 
type,  an  admission  which  is  not  aifected  by  tbe  fact  that  the 
highest  Molluscs  and  Articulates  are  superior  in  point  of 
organisation  to  the  lowest  Vertebrates.  In  the  same  way, 
within  the  limits  of  each  sub-kingdom,  every  one  admits 
that  some  of  the  groups  are  higher  than  others.  Every  one, 
for  example,  would  admit  that  a  Mammal  is  a  superior 
animal  to  a  Fish.  It  follows  from  this  that  a  certain 
general  arrangement  of  the  animal  kingdom,  as  a  whole,  is 
possible,  upon  the  comparative  basis  of  the  morphological 
type  of  the  sub-kingdoms.  Similarly  a  general  and  more 
exact  arrangement  of  the  classes  and  orders  of  each  sub- 
kingdom  may  be  made  by  the  degree  of  perfection  in  which 
the  type  of  the  snb-kingdom  is  carried  out  in  each. 

No  generalisation  of  Palfeontology  seems  to  stand  on  a 
firmer  basis  than  that  which  asserts  that  there  has  been  a 
general  succession  of  organic  types,  and  that  the  appearance 
of  the  lower  forms  of  life  has  in  the  main  preceded  that  of 
the  higher  forma  in  point  of  time.  In  other  words,  it  is  one 
of  tlie  generalisations  of  Palieontology  that  there  has  not 
only  been  a  succession,  but  also  a  progression,  of  organic  types 
in  proceeding  from  tlie  earliest  fossiliferoua  deposits  up  to 
the  present  day.  Whilst  this  general  law  remains,  as  we 
believe,  unassailable,  there  are  some  important  considerations 
which  must  not  be  lost  sight  of.     In  the  first  place,  it  is 
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very  doubtful  if  ve  are  as  yet  acquainted  with  the  absolute 
time  of  the  first  appearance  upon  the  globe  of  even  one  of 
the  sub-kingdoms.  Future  discoveries,  therefore,  are  almost 
certain  to  push  back  still  further  iDto  the  remote  vistas  of 
the  past  the  point  of  time  at  which  each  morphological  type 
first  made  its  appearance  upon  the  globe.  Still,  there  is 
little  Likelihood  that  the  relative  times  of  appearance  of  the 
great  groups,  aa  compared  with  one  another,  will  be  affected 
by  the  researches  of  the  future.  It  remains  almost  certain 
that  we  shall  find  that  the  lower  types  were  followed  in 
point  of  time  by  the  higher. 

In  the  second  place,  we  find  all  the  primary  types  in 
existence  before  the  close  of  the  Silurian  period ;  and  he 
would  be  rash  indeed  who  would  dogmatically  deny  that 
they  might  all  have  been  present  in  the  earlier  Cambrian 
period.  This,  at  first  sight,  might  seem  almost  to  n^ative 
the  above  generalisation,  hut  it  does  not  affect  its  value  if 
fairly  e.'camined.  The  lower  sub-kingdoms  of  the  Inverte- 
brate animals  appeared  so  early  that  their  origin  is  lost  in 
the  mists  of  antiquity,  and  we  can  say  nothing  positively  as 
to  the  time  when  each  came  into  existence.  The  Cambrian 
deposits  are  underlaid  by  the  vast  series  of  the  Laurentian 
deposits,  representing  an  incalculable  lapse  of  time.  These 
ancient  sediments,  with  one  exception,  have  hitherto  proved 
barren  of  life,  owing  to  the  intense  metamorphiam  to  which 
they  have  been  subjected,  and  they  consequently  yield  no 
evidence  bearing  on  the  question  in  hand.  They  serve  to 
show  us,  however,  by  their  presence  alone,  that  we  must 
in  the  meanwhile  leave  the  Invertebrate  sub-kingdoms  out 
of  account  altogether  as  bearing  upon  the  question  of  the 
succession  and  progression  of  organic  t)-pe8.  We  do  not  know 
when  these  sub-kingdoms  commenced,  and  hence  we  have 
no  right  to  assert  either  that  they  were  all  introduced  simul- 
taneously, or  that  tliey  came  into' being  successively.  We 
may  be  sure,  however,  of  one  thing — they  did  not  commence 
at  the  points  where  now  we  find  their  earliest  traces.  Tliere 
remains,  then,  only  the  sub-kingdom  of  the  Vertebrate  animals 
which  can  reasonably  be  appealed  to  as  evidence  on  this 
question.     The  stratified  series  is  long  enough  to  render  it 
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certain  that  it  contains  traces  of  the  first  appearance  of, 
at  any  rate,  the  higher  classes  of  these,  though  we  doubt- 
less are  ignorant  of  the  absolute  moment  at  which  each 
appeared.  If,  therefore,  it  can  be  shown  that  there  has 
been  a  progression  as  far  as  this  sub  -  kingdom  is  con- 
cerned, then  there  would,  by  analogy,  be  the  greatest  pro- 
bability that  a  similar  prc^ression  has  taken  place  in  all  the 
sub-kingdoms. 

So  far  as  our  present  knowledge  goes,  it  would  appear 
that  there  is  such  a  progression  in  tlie  Vertebrate  sub- 
kingdom.  The  claaaes  of  Vertebrates  make  their  appearance, 
on  the  whole,  in  the  order  indicated  by  their  zoological  posi- 
tion, the  lowest  first  and  the  highest  last.  Not  only  does 
this  hold  good  for  the  classes  of  the  Vertebrates,  but  the 
same  general  statement  may  be  made  as  to  the  orders  of 
each  class.  Where  apparent  exceptions  occur,  a  reasonable 
explanation  can  be  given,  or  our  knowledge  can  be  shown  to 
be  defective.  Space  will  not  aUow  a  discussion  of  this 
question,  but  a  sii^le  example  may  be  taken.  So  far  as  we 
know  at  present,  the  earliest  remains  of  Vertebrate  animals 
are  those  of  Fishes — the  lowest  class  of  the  sub-kingdom — 
and  these  appear  in  the  Upper  Silurian  rocks  for  the  first 
time.  ■  Granting  the  probability  that  Fishes  may  some  day 
be  found  in  the  Lower  Silurian  rocks,  or  even  in  Cambrian 
deposits,  there  still  seems  no  likelihood  that  they  will  be 
deprived  by  any  future  discoveries  of  their  position  as  being 
the  earliest  of  their  sub-kingdom.  The  oldest  remains  of 
Fishes,  however,  are  by  no  means  those  which  would  be 
expected,  but  I>elong  to  two  of  the  higher  orders  of  the  class. 
This  seeming  anomaly,  however,  disappears  when  we  consider 
that  the  two  lowest  ordera  of  Fishes  possess  almost  no  struc- 
tures by  which  we  can  reasonably  expect  to  find  them  re- 
corded in  a  fossil  state.  They  may  therefore  have  been  in 
existence  long  before  the  Ganoids  and  Placoids  of  the  Upper 
Silurian  rocks,  and  we  have  no  right  to  assume  that  they 
were  not.  As  to  the  remaining  great  order  of  Fishes  (the 
Teleostcan  Fishes),  it  is  certain  that  their  appearance  was 
much  later,  and  they  are  generally  regarded  as  inferior  to 
the  Ganoids  and  Placoids  in'  zoolc^ical  position.     This,  how- 
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ever,  is  a  matter  of  opinion,  and  reasons  are  not  wanting  for 
regarding  them  aa  the  h^hest  of  their  class. 

It  only  lemaina  to  add  that  nothing  further  is  contended 
for  here  than  the  general  fact  of  there  having  been  a  pro- 
gression of  morphological  types,  the  lowest  presenting  them- 
selves first,  the  highest  being  the  last  to  appear  upon  the 
scene.  It  is  by  no  means  contended  that  the  Ganoid  Fishes 
of  the  Upper  Silurian  rocks  were  in  any  way  degraded 
members  of  their  order,  or  inferior  in  point  of  organisation 
to  the  Ganoids  of  the  present  day.  On  the  contrary,  there 
is  reason  to  think  that  many  types  early  presented  a  de- 
velopment more  varied  than  tliat  exhibited  by  their  suc- 
cessors. It  is  simply  contended  that,  on  the  whole,  there  has 
been  a  zoological  progression  as  we  ascend  from  the  Cambrian 
period  to  the  present  day.  It  is  also  to  be  remembered, 
that  though  the  commencement  of  the  Invertebrate  sub- 
kingdoms  may  be  unknown  to  us,  a  similar  progression  can 
be  in  many  cases  shown  as  regards  the  orders  and  classes  of 
these,  even  more  completely  than  in  the  case  of  the  Verte- 
brate sub-kii^om. 

Lastly,  the  evidence  of  Palseontolt^  points,  in  the  main, 
to  the  operation  of  some  general  law  of  evolution,  whereby 
the  later  forms  of  life  have  been  derived  from  the  older  ones. 
That  this  law  has  acted  along  with,  and  has  sometimes  been 
counteracted  by,  some  other  and  as  yet  obscure  law  regu- 
lating the  appearance  of  new  types,  seems  equally  certain  ; 
but  it  is  not  necessary  to  enter  upon  this  complex  and  im- 
perfectly understood  question  in  this  place.  We  are  dealing 
here  primarily  with  facts,  and  in  the  following  pages  we 
shall  meet  with  unmistakable  evidence  of  the  operation  of 
some  law  of  evolution,  while  we  shall,  at  the  same  time,  find 
ourselves  confronted  with  phenomena  which,  in  the  present 
state  of  our  knowledge,  appear  to  be  irreconcilable  with  the 
universal  or  exclusive  action  of  this  law.  It  would  be  an  easy 
solution  of  the  difficulty  to  adopt  the  course  of  definitely 
accepting  some  hard-and-fast  theory  upon  this  subject,  and 
to  bring  forward  prominently  all  the  known  facts  favouring 
this  theory,  while  we  left  in  comparative  abeyance  the  facts 
pointii^  in  other  directions,  or  explained  them   away   by 
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more  or  leaa  probable  assumptioDS.  Upon  the  whole,  how- 
ever, it  seems  preferable  to  enter  upon  the  study  of  the 
actual  facta  of  the  science  of  Palteontology,  as  far  as  may  be, 
unfettered  by  preconeeptiona  and  unpledged  to  theories;  while 
we  may,  at  the  same  time,  safely  accept  the  doctrine  of  evo- 
lutioQ,  in  the  shape  presented  to  us  by  the  maater-mind  of 
Darwin,  aa  an  invaluable,  indeed  an  indispensable,  working 
hypothesvt. 
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CHAPTER    VII. 

SUB-KINODOM  I.— PROTOZOA. 

SlTB- KINGDOM  I.  PROTOZOA. — Animal  simple  or  composite, 
generaUy  of  very  minute  size,  composed  of  a  structureless  or 
dighily  differentiated,  jelly-like,  albuminoid  sabstarice  (termed 
"  sarcode "},  showing  no  composition  out  of  definite  parts  or 
segments,  hMvivg  no  definite  body-cavity,  presenting  no  traces  of 
a  nervous  system,  and  having  either  no  alimentary  apparatus, 
or  bat  a  very  rudimentary  one. 

Table  of  thb  Divisions  op  the  Pbotozoa. 

Class  A,  Gr«jarinid£.— Parasitic  Protozoa,  which  are  destitute  of  a 
mouth,  and  do  not  possess  the  power  of  emitting  processes  of  theii-  body- 
eubstance  (pseudopodia). 

Clabb  6.  Bhizopoda. — Protozoa,  which  are  destitute  of  a  mouth,  and 
have  the  power  of  emitting  extensile  and  contractile  processes  of  the 
bodj-subslknce  (pseudopodia). 

Order  1.  Monera. — Ex.  Protogenes. 
Order  2.  AiruBbea. — Ex.  Aroteha. 
Order  3.  Foraminifera. — Ex.  Nummulites. 
Older  4.  Badiolaria. — Ex.  Haliomma. 
Order  6.  Spongida. — Ex.  Spongilla. 

Class  C.  Infusoria  (iDfusorion.  Ammakulee).  —  Protozoa  mostly 
with  a  mouth,  and  rudimentary  digestive  canal ;  destitute  of  the  power 
of  emitting  pseudopodia ;  furnished  with  vibratile  cilia  or  contractile 
filaments ;  the  body  usually  with  a  distinct  cuticle  covering  a  layer  of 
firm  Barcode, 
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Regarded  palceontologically,  -we  may  eliminate  from  the 
Protozoa  the  entire  class  of  the  GregarinidcE,  with  the  Bhlzo- 
podous  orders  of  the  Monera  ^  and  Amanita,  no  trace  of  the 
past  existence  of  which  has  yet  been  obtained,  or,  &om  their 
soft-bodied  nature,  ia  ever  likely  to  be.  For  all  practical 
purposes  the  same  may  be  said  of  the  large  and  universally- 
distributed  class  of  the  Infusorian  Animalcules.^  Some  of 
these,  however,  possess  homy  or  membranous  cases,  which 
might  possibly  be  preserved  in  a  fossil  state ;  and  Ehrenberg 
has  found  in  the  flints  of  the  Chalk  certain  microscopic 
bodies,  which  he  regarded  as  being  the  protective  carapaces 
of  Peridinium  and  allied  forms  of  Flf^ellate  Infusoria. 
With  this  doubtful  exception,  however,  no  Infusorian  ani- 
malcule has  ever  been  detected  in  the  fossil  state,  though 
the  class  has  doubtless  existed  from  the  most  remote  an- 
tiquity. There  I'emain,  then,  only  the  three  Rhizopodous 
orders  of  the  Foraminifera,  Radiolaria.,  and  ^ongida,  all  of 
which  secrete  hard  structures,  and  all  of  which  are  more  oi' 
less  extensively  represented  as  fossils,  so  that  they  demand 
our  attention  separately  and  in  detail. 


I. — FORAMINIFEEA. 

The  Foraminifera  may  be  defined  as  Rhizopoda  in  which 
the  body  is  protected  by  a  shell  or  "  test,"  which  is  composed  of 
carionate  of  lime,  or  which  may  consist  o/  particles  of  sand 
cemcTiied  together  by  some  animal  cemetU,  or  may  be  simply 
horny  (ckitinous).  Tlic  animal  may  be  simple,  or  may  repeat 
itsdf  iTidefinitely  by  budding,  and  the  body-substance  gives  out 
long  and  thread-liku  processes  (j>seudopodia)  which  interlace 
loith  one  another  to  form  a  netwo't-k,  and  often  coalesce  at  their 
bases  to  farm  a  eoniinuous  layer  of  sarcode  outside  the  shell. 

'  The  "  coccoUths "  an  rotaetimes  regarded  u  baing  ref«iKbIe  to  tile 
iforura  ;  but  they  vill  be  considered  here  la  belonging  to  the  vegetable  king- 
doiD,  and  they  will  be  briefly  described  ill  apeaking  of  foBxil  Alga. 

'  "  FoshI  Infusoria  "  iire  often  ipoken  of  aa  forming  more  or  less  eiteneivi? 
deposiU  in  the  earth's  cnist,  but  the  orgauisms  bo  anmed  are  really  Diatonn 
and  Polyeyttina. 
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The  pseudopodia  reach  the  exterior  either  by  perforations  in 
the  walls  of  the  shell,  or  simply  by  the  mouth  of  the  loiter 
(fig.  13,  c  b). 


Fig.  IS. — MoTiihotogy  nf  FnmiDinifen-  n.  Lagma  nlgfirit,  ft  TuonothaliuiioDS  Fomqinifvr ; 
h,  Miiiota  (alltt  BcliultmX  Abow^ng  Uip  p««iidopo<Li(i  protnided  nt>in  the  on]  ap«rtim  oF  the 

■hell-mil  gtvlDg  eilt  to  pseudopodli ;  i,  Bwtlon  of  JtrHfnariu  (iRer  Cupenter) ;  r,  ffodiwn'n 


From  a  palseontological  point  of  view  the  only  part  of  a 
Foraminifer  with  which,  we  have  to  deal  ia  the  shell  or 
"  test,"  and  there  are  several  points  to  notice  in  this  connec- 
tion. Firstly,  as  regards  the  actual  composition  of  the  shell, 
it  is  in  the  majority  of  cases  calcareous,  or  composed  of 
carbonate  of  lime,  but  it  is  rarely  chitinous,  and  it  is  not 
uncommonly  "  arenaceous  " — that  is,  composed  of  particles 
of  sand  cemented  together  by  some  animal  substance  or 
by  carbonate  of  lime.  With  the  homy  or  chitinous  Fora- 
tniniftra  {Gromidce)  we  have  nothing  to  do  here,  as  they  have 
never  been,  and  are  never  likely  to  be,  detected  in  a  fossil 
condition. 

In  the  second  place,  the  Foraminifera  may  be  divided  into 
two  primary  groups — the  Perforata  and  Imperforata — accord- 
ing as  the  w^3  of  the  test  are  or  are  not  perforated  by  pores 
or  foramina,  through  which  the  pseudopodia  reach  the  surface. 
In  the  imperforate  calcareous  Foraminifej-a  tlie  substance  of 
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the  aliell  is  "  porcellanous,"  homogeneous,  and  opaque-white 
-wlien  viewed  by  reflected  light.  On  the  other  hand,  in  those 
of  the  calcareous  Foraminifera  in  which  the  walls  of  the 
test  are  perforated  by  pseudopodial  apertures,  the  shell  is 
"  vitteoua  "  or  "  hyaline,"  transparent  and  glassy,  and  often 
of  a  thin  and  delicate  texture.  The  "  arenaceous  "  Foramin- 
ifera are  normally  and  typically  "  imperforate ; "  but  Mr 
Henry  Brady  has  shown  that  there  exist  forms  (such  as 
Valvulina,  NodosineUa,  and  Endothyra)  in  which  the  texture 
of  the  shell  is  arenaceous  or  sub-arenaceous,  but  the  walls 
of  which  are  sometimes  porous,  though  more  usually  imper- 
forate. We  are  thus  presented  with  a  aeries  of  intermediate 
foi'ms  by  which  the  gap  between  the  Perforata  and  the  Im- 
perforata  is  to  some  extent  bridged  over. 

Thirdly,  as  regards  the  fomt  of  the  shell,  great  diEferences 
exist  among  the  Foraminifera,  and  as  concerns  the  mere 
external  configuration,  this  is  bo  variable  that  little  or  no 
value  can  be  attached  to  it  in  classification.  Moreover,  in 
the  two  great  aeries  of  the  Perforate  and  the  Imperforate 
Forafiiiniftra.  it  is  common  to  find  parallel  or  "  isomorphic  " 
groups.  That  is  to  say,  we  meet  with  two  aeries  of  forms, 
repeating  each  other's  peculiarities  and  vaiiations  in  form, 
hut  the  sheli  in  the  one  series  being  perforate,  while  in  the 
other  it  ia  imperforate. 

The  simplest  form  among  the  Foraminifera  is  that  of  a 

single  spheroid  of  sarcode,  capable  of  secreting  for  itself  a 

hard  covering,  as  in  the  flask-shaped  Lagma 

©(fig.  13,  a)  or  the  globular  OrhvZina  (fig.  14). 
Forms  such  as  these  are  said  to  be  "uni- 
locular "  or  "  monothalamous,"  the  teat  con- 
sisting of  but  a  single  chamber,  not  sub- 
-  Mmii  ^^^^^^^  fcy  partitions  or  "  septa."  In  the 
Kuiw™.  AiiDipre  more  complex  Foraminifera,  the  sarcode  of 
pn^^^M^w^  *^6  body  iindergoea  a  subdivision  into  par- 
iui'""(D'o'iw2i ")'  *'^^^y  separated  segments,  which  may  be  pro- 
duced by  a  process  of  budding,  or,  perhaps, 
by  the  occurrence  of  constrictions  in  the  growing  protoplasm, 
and  each  of  these  s^menta  becomes  more  or  leas  com- 
pletely divided  off  from  its  neighbours,  or  enclosed  by  a 


;,C(10gIc 


FORAMINIFERA. 


101 


wall  of  ahell.  In  these  "  multilocular  "  or  "  polythalamous  " 
F&ramimfera,  therefore,  the  shell  ultimately  cornea  to  consist 
of  a  series  of  chambers,  separated  by  partitions  of  the  test, 
aad  filled  with  sarcode.  The  partitions,  however,  or  "septa," 
between  the  different  chambers,  are  perforated  by  one  or 
more  apertures,  through  which  pass  connecting  bands,  or 
"  stolons,"  of  sarcode ;  so  that  the  aarcode  occupying  the 
different  chambers  is  nmted  into  a  continuous  and  organic 
whole.  Each  segment  may  give  out  its  own  pseudopodia 
through  perforations  in  its  investing  wall  (fig.  13,  c),  or  the 
pseudopodia  may  be  simply  emitted  from  the  mouth  of  the 
shell  by  the  last  segment  only  (fig.  13,  b).  In  any  case  the 
direction  in  which  the  segments  are  developed  is  governed 
by  a  determinate  law,  and  differs  in  different  species,  the 
form  ultimately  assumed  by  the  shell  depending  wholly  upon 
this.  The  forms,  however,  assumed  by  the  shells  of  Fora- 
mini/era  are  extremely  variable,  even  within  the  limits  of  a 
single  species,  and  it  would  be  impossible  to  notice  even  the 
chief  types  in  this  place.  There  are,  however,  two  or  three 
important  variations  which  may  be  noticed.  If  the  buds  are 
thrown  out  from  the  primitive  spherule  in  a  linear  series  so 
as  to  form  a  shell  composed  of  numerous  chambers  arranged 
in  a  straight  line,  we  get  snich  a  type  ae  Nodosaria  (fig.  13, 
e).  When  the  new  chambers  are  added  in  a  spiral  direction, 
each  being  a  little  lai^er 
than  the  one  which  pre- 
ceded it,  and  the  coUs  of 
the  spiral  lying  in  the  same 
plane,  we  get  such  a  form 
as  Discorlnna  (fig.  13,  c),  or 
Robviina,  (fig.  16).  These 
are  the  so-called  "  nautiloid" 
Foraminifera,  from  the  re- 
semblance of  the  shell,  in 
figure,  to  that  of  the  Pearly  Nautilus.  From  this  resem- 
blance the  nautiloid  F>raminifera  were  originally  placed  in 
the  same  class  as  the  Ammonites  {Cephalopoda),  but  their 
true  position  was  shown  by  the  examination  of  their  soft 
parts.      In  the  typical    nautiloid   shell   the    convolutions 
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of  the  spiral  alt  lie  in  one  plane ;  but  in  other  fiases,  as  in 
Motalia  (fig.  16),  the  shell  becomes  turreted  or  top-shaped, 
in  consequence  of  the  coils  of  the  spiral  passing  obliquely 
round  a  central  axis. 


^^^ 


Fig.  le,— JMoJia  Owaiiu.    (D'OrbLgny.) 

In  a  few  types  of  the  Ihraminifera  {e.g.,  in  the  Dactyl- 
oporidcc,  fig.  19)  the  successive  chambers  of  the  multilocular 
test  liave  no  direct  communication  with  one  another,  and 
simply  cohere  by  their  walls.  In  the  majority  of  the  com- 
pound shells,  the  successive  chambers  are  so  produced,  that 
the  septum  between  any  two  of  them  is  formed  solely  by  the 
anterior  wall  of  the  older  chamber,  which  thus  constitutes 
the  posterior  wall  of  the  newer  one  (fig,  13,  e).  In  the 
highest  types  of  the  compound  Foraminifera,  however,  each 
segment  is  provided  with  its  own  proper  wall  of  shell,  each 
segment,  as  it  ia  produced,  forming  for  itself  a  posterior 
wall  which  applies  itself  to  tlie  anterior  wall  of  the  preceding 
segment,  so  that  each  septum  ("  septal  plane  ")  is  composed 
of  two  lamellie,  as  seen  in  fig.  1 7,  A,  (Carpenter).  Moreover, 
"in  the  higher  types  of  the  hyaline  or  vitreous  aeries  we 
frequently  meet  with  an  '  intermediate '  or  '  supplemental ' 
skeleton,  formed  by  a  secondary  or  exogenous  deposit  upon 
the  outer  walls  of  the  chambers,  by  which  they  receive  a 
great  accession  of  strength.  This  deposit  not  only  fills  up 
what  would  otherwise  be  superficial  hollows  at  the  junctions 
of  the  chambers  (fig.  17,  a,  d),  or  (as  in  Polystomella)  at  the 
umbilical  depression,  but  often  forms  a  layer  of  considerable 
thickness  over  the  whole  surface,  thus  separating  each  whorl 
from  that  which  encloses  it;  and  it  is  sometimes  prolonged 
into  outgrowths  that  give  a  very  peculiar  variety  to  the 
ordinary  contour,  as  in  some  varieties  of  Holalia  and  Ptrfy- 
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stonuUa,  but  most  characteristically  in  Calcarina  (fig,  17,  b), 
and  the  stellate  form  of  Tinoporus.     This  intermediate  or 


f^g.  ]'■— A,  DUgnuD  of  OB*  oT  tb*  bigbtr  (bnoa  of  Uia  Tltnoui  Fanntitii^ra,  ihoirli^  the 
double  natare  of  tlie  sepU  (b),  the  atoloD-paua^BH  betveen  BuccoHBlTe  chunben  (a)^  and  the 
fiuppLemeatAl  skeleton  (d) ;  b.  Tut  of  Calcarina  Spengleri^  nugnlflod  twolve  dlameten,  ihow- 
lug  the  ipmoM  (Onzied  by  the  eupplemental  ikelelon :  c,  Fart  of  a  ewtloD  of  the  t«>t  of 
auarixa,  mignlSed  tlft;  aUimelen,  showing  the  tubulated  "  piDper  iralle  "  of  the  chunbcn 
(ii>,  and  the  unal-eratam  of  the  IntermeaiatB  akolelon  (rf) ;  d,  Part  of  the  teat  of  Kiwtmnllno 
lirrigala,  highly  migniaed,  ahovlDg  the  canal-ayiteio  of  the  aepta  ($\  and  mai^nal  cord  (nX 
(After  Cupaotcr.) 

supplemental  skeleton,  wherever  developed  to  any  consider- 
able extent,  is  traversed  by  a  set  of  '  canals,'  which  are 
usually  arranged  upon  a  systematic  plan,  and  are  Botnetimes 
distributed  •mth  considerable  minuteness  "  (Carpenter).  The 
canals  of  this  system  are  doubtless  filled  in  the  living  state 
by  prolongations  of  the  sarcode,  which  serve  to  keep  up  the 
vitality  of  the  intennediate  skeleton.  This  intermediate 
skeleton,  with  its  canal-system,  is  largely  developed  in  many 
of  the  highest  and  largest  of  the  types  of  the  Hyaline  Fora- 
mini/era,  and  very  specially  so  in  the  ancient  JEozoon,  if  this 
be  rightly  regarded  as  a  Foraminifer. 

As  r^ards  the  range  of  the  Foraminifera  in  time,  rapre- 
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sentativGS  of  this  group  are  found  in  almost  all  formatioos 
in  which  calcareous  rocks  are  developed,  and  if  we  admit 
Eozoon  to  be  a  member  of  this  group,  then  the  order  dates 
from  the  Laurentian,  and  has  been  continued  throughout  the 
entire  period  repre^nted  by  the  known  stratified  rocks.  The 
Ibramim/era  have  also  contributed  notably  to  the  formation 
of  the  solid  crust  of  the  earth,  and  have  often  built  up  mas- 
sive and  widely  extended  limestones.  Well-known  examples 
of  these  foraminiferal  limestones  are  the  great  Fusulina  lime- 
stones of  Russia  and  Korth  America  and  the  Saccammina  lime- 
stone of  Britain,  both  of  which  belong  to  the  Carboniferous 
period ;  the  White  Chalk  of  the  Cretaceous  period ;  and  the 
Nummnlitic  limestone,  Miliolite  limestone,  and  Dactylopora 
limestones  of  the  Tertiary  period.  The  Chalk  has  been 
already  alluded  to  (see  p.  15),  and  we  shall  have  occasion 
to  briefly  notice  the  others  of  the  above-mentioned  limestones 
in  speakii^  of  the  generic  types  which  characterise  them. 
Besides  having  largely  officiated  as  lime-makers,  the  Fora- 
-minifera  have  materially  contributed  to  the  fonnation  of 
deposits  of  greensand  at  various  periods  of  the  earth's  his- 
tory, and  are  known  to  be  carrying  on  the  same  process  at 
the  present  day.  The  green  grains  in  such  green  sands  as 
those  of  the  Cretaceous  period  (as  first  shown  by  Professor 
Ehrenberg  for  similar  green  grains  in  tlie  Lower  Silurian  of 
Russia),  seem  to  be  often  really  casts  of  Foraminifera  in  glau- 
conite  (silicate  of  iron  and  potash),  from  which  the  calcareous 
shell  has  been  dissolved  away.  Similar  green  sands,  similarly 
composed  in  part  of  internal  casts  of  Foraminifera,  are  now 
being  laid  down  in  various  of  the  wanner  seas  of  the  globe. 
All  the  recent  Foraminifera  (with  the  exception  of  the  chi- 
tinous  Gromidoi)  are  exclusively  marine  in  habit,  and  all  the 
extinct  members  of  the  group  were  doubtless  inhabitants  of 
the  sea.  Like  many  other  lowly  oi^anised  forms,  the  Fora- 
minifera have  been  very  "  persistent "  types  of  life.  Various 
of  the  PalEeozoic  genera  have  descended  to  us  unchanged 
from  the  Palasozoic  period ;  and  the  prevalent  forms  in  the 
Chalk  are  hardly  different  from  those  of  the  Atlantic  "  ooze." 
Upon  the  whole,  Dr  Carpenter  concludes  that  "  there  is  no 
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evidence  of  any  fundamental  modification  or  advance  of  the 
Foraminiferous  type  from  the  Palteozoic  period  to  the  pres- 
ent time,"  Lastly,  the  Foraminifera  are  not  altogether  reli- 
able testa  as  to  the  depth  of  water  in  which  the  deposits 
containing  tliem  were  laid  down.  As  a  rule,  they  abound 
principally  in  warm  and  sbaUow  seas.  The  "  Globigerina 
ooze  "  of  the  deep  Atlantic  and  Pacific  ocuurs  mainly  at  great 
depths,  but  though  doubtless  partly  composed  of  forms  which 
really  lived  at  those  depths,  it  is  principally  made  up  of  the 
shells  of  Foraminifera  which  live  at  or  neat  the  surface  of 
the  sea.  The  White  Chalk — the  ancient  analogue  of  the 
Atlantic  "  ooze " — may  therefore  have  been  laid  down  in 
any  depth  of  water,  since  its  prevalent  types  of  Foramin- 
ifera were  probably  mainly  surface-forms. 

Classification  of  the  Foraminifera. — The  classification 
of  the  Foraminifera  has  proved  a  matter  of  considerable  dif- 
ficulty. The  older  arrangements  were  unnatural,  as  being 
based  wholly  on  the  form  of  the  shell,  a  point  in  which  the 
Foraminifera  show  a  most  mEirvellous  variability.  For  this 
reason  the  artificial  systems  proposed  by  D'Orbigny  and  Max 
Schultze  have  now  been  generally  abandoned,  and  their  place 
has  been  taken  by  the  schemes  of  classification  put  forward 
independently  and  almost  simultaneously  by  Professor  Von 
Keuss  upon  the  Continent,  and  by  Dr  Carpenter,  Mr  Parker, 
and  Profeaaor  T.  Rupert  Jones  in  this  country.  Both  these 
arrangements  f^ree  in  the  essential  feature  that  they  divide 
the  Foraminifera  into  two  great  primary  divisions,  in  accord- 
ance with  the  nature  of  the  shelly  investment.  In  the  one 
division  (Imperforatfi),  the  test  is  not  perforated  by  pseudo- 
podial  apertures,  and  it  may  be  either  "  arenaceous  "  or  "  por- 
cellanooa."  In  the  other  division,  the  test  is  perforated  by 
more  or  less  numerous  pseudopodial  foramina,  and  to  this 
division  the  name  of  Perforata  is  applied.  The  following 
tables  exhibit  the  arrangements  proposed  by  Carpenter, 
Parker,  and  Bupert  Jones,  on  the  one  hand,  and  Keuas,  on 
the  other  hand ;  the  former  being  the  most  natural,  and  the 
one  most  widely  adopted : — 
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a.  clasalficattom  of  the  foraminifera,  accordiks  to  carpenter, 
Parker,  and  Rupert  Jones. 

Sub-Obdrr    I.    Ihpbrforata.  —  Teat  membranoua,  calcareous,  or 
arenaceous,  not  perforated  by  peeudopodial  foramina. 
Family  1.  GrvniAa. 
„      2.  MUiolida. 
„      3.  Lilvolida. 
Sub-Obdeb  II.  Perforata. — Teat  perforated  by  pseudopodial  fora- 
mina, generally  calcareous. 

Fomily  1,  Lagenida. 

f,       2.  Globigerinida. 

„      3.  NummiUijiida. 

B.  Classification  op  the  Foeauikipbra  AccoRcnia  to  Redss. 

I.  Foeahinifbra  with  a  Non-pebfobatb  Test. 

A.^With  arenaceous  teata. 

1.  Littiolidea. 

2.  Uvelltdm. 

B. — With  compact,  porceUanouB,  calcareous  tests. 
1.  Sqiuimidinidm. 
S.  Miliolidea. 

3.  PenavpUdxa. 

4.  OrbUuUtidea. 

II.  FORAHINtFBRA  WITH  A  PERFORATE  TeBT. 

A. — With  a  glaasy,  finely  porona,  calcareous  teat. 

1.  Spvnilinidea. 

2.  Ovulitidea. 

3.  lihabdoidea. 

4.  CrMUaridea. 

5.  PolymoT^midta. 

6.  Oryptotteffia. 

7.  TexHlaridea. 

8.  Ca*ridvlinidea. 

B.— With  an  exceedingly  porous,  calcareous  teat. 
1.  Rotalitka. 
C. — With  a  calcareous  ahell,  traversed  by  a.  ramified  canal-ayatem. 

1.  Polytiomellidea. 

2.  Nummulilidea. 

■With  r^ard  to  the  claasification  of  the  Faraminifcra,  the 
author  may  advantageously  quote  some  remarks  on  this  8ub- 
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ject  made  by  Mr  Henry  Bowman  Brady,  F.R.S.,  one  of  the 
highest  living  authorities  on  this  group  of  oi^aniams ;  since 
they  Dot  only  have  a  most  important  bearing  upon  the 
special  point  in  question,  but  forcibly  express  the  principles 
viiich  should  guide  the  philosophic  naturalist  in  his  syste- 
matic treatment  of  all  such  variable  forms  of  life :  "  A 
purely  artilicial  classification  is  ill  adapted  to  the  conditions 
presented  by  a  class  of  organisms  like  the  Foraminifwa, 
lai^ly  made  up  of  groups  of  which  the  modifications  run  in 
parallel  lines.  This  'isomorphism,'  demonstrated  chiefly  by 
the  labours  of  Messrs  Parker  and  Jones,  whilst  it  is  the 
source  of  most  of  the  difficulties  the  sy^tematist  has  to  con- 
tend with,  is,  at  the  same  time,  the  key  to  the  natural  his- 
tory of  the  order.  It  exists  not  merely  between  a  single 
series,  say  in  one  of  the  larger  divisions,  with  a  single  series 
in  another,  but  often  amongst  several  series  even  of  the  same 
family.  It  not  unfrequently  happens  that  a  member  of  one 
group  presents  a  greater  similarity  to  its  isomorph  in  another 
group  with"  which  it  has  a  relationship,  than  it  does  to  any 
other  member  of  its  ova  group.  Take  a  familiar  illustration 
— suppose  the  fingers  of  the  two  hands  to  represent  the 
modifications  ('  species ')  of  two  such  parallel  types  of  Fora- 
■minifera :  the  thumb  of  one  band  resembles  more  closely  the 
thumb  of  the  other  hand  than  it  does  any  other  of  the  fingers 
on  its  own.  In  other  words,  the  extreme  member  of  one 
series  resembles  more  closely  its  isomorph  in  the  other  series 
than  it  does  its  own  nearer  relations,  and  so  on  thraugh  the 
remaining  members  of  the  respective  groups.  Under  condi- 
tions like  these,  artificial  subdivision,  based  upon  minor  mor- 
phological characters,  is  certain  to  infringe  the  order  of 
nature.  Its  tendency  is  to  separate  forms  closely  allied, 
and  in  many  cases  to  place  together  such  as  have  no  close 
affinity," 

The  principal  fossil  groups  of  Foraminifera  deserve  a  brief 
consideration,  but  in  the  short  summary  of  these  which 
follows — as  in  the  case  of  similar  summaries  which  will 
subsequently  be  given — it  must  be  understood  that  nothing 
further  is  proposed  than  to  select  for  notice  and  characterisa- 
tion those  hading  types  of  each  great  group  of  fossils  which 
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may  seem  to  demand  meatioii  on  the  ground  of  their  being 
common,  or  in  other  respects,  geologically  or  zoologically,  of 
peculiar  importance.  For  anything  like  a  complete  list  of  the 
known  stnictural  types  of  each'  group,  or  the  characters  of 
the  recorded  genera,  the  specialist  will  consult  special  treat- 
ises ;  and  it  does  not  appear  to  he  necessary  for  the  wanta  of 
ordinary  students  to  do  more  than  to  supply  a  brief  state- 
m«nt  of  the  conspicuous  characters — especially  the  diff&ren- 
iial  characters — of  the  more  widely  distributed  and  more 
important  types  in  each  group.  Nor  can  even  this  limited 
characterisation  of  leading  types  be  carried  out  with  equal 
fulness  in  the  case  of  all  groups  of  fossils,  or  upon  any  abso- 
lutely uniform  plan.  In  the  case,  however,  of  Invertebrate 
fossils,  as  being  those  with  which  the  palteontologist  is  more 
especially  called  upon  to  deal,  the  families  of  each  group  will, 
where  possible,  be  defined,  and  some  of  the  chief  generic 
types  will  be  noticed.  The  subjoined  engraving,  representing 
some  of  the  principal  type-forms  of  the Foraminifera,  is  from 
a  drawing  kindly  made  for  the  author  by  his  friend,  Mr  Henry 
Brady,  F.R.S,,  who  has  so  greatly  contributed  to  our  know- 
ledge of  this  difficult  group  of  organisms. 

Imperforate  Fohaminifera.— Among  the  Imper/orata,  we 
have  the  three  families  of  the  Qromida,  Milwlida,  and  Ziiu- 
olida,  of  which  the  first  needs  no  notice,  as  being  quite 
unknown  in  the  fossil  condition. 

In  the  family  of  the  MUiolida,  the  test  is  opaque,  porcel- 
lanous,  unilocular,  or  multilocular,  and  extremely  variable  in 
shape ;  the  (jral  aperture  being  simple  and  undivided,  or  being 
formed  by  numerous  pores.  The  family,  as  far  as  known  at 
present,  is  not  represented  in  the  Paleozoic  period,  but  ranges 
from  the  Trias  to  the  Becent  period  inclusive.  One  of  the 
simplest  forms  of  this  group  is  Comiispira  (fig.  18,  a),  in 
which  the  shell  is  a  simple  unchambered  spiral,  like  the  shell 
of  a  Planorbia.  Tlie  genus  is  represented  in  the  early  Ter- 
tiary, and  is  found  under  living  forms  in  our  seas.  Nvheeu- 
laria  is  a  much  older  tjfpe,  beginning  in  the'  Trias,  and  its 
teat,  extraordinarily  variable  in  shape,  is  parasitic  upon  shells 
and  other  foreign  bodies.  In  Miliola,  again  (fig.  18,  b, 
representii^  the  sub-generic  form  Quin^ielocuiina),  the  shell 
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is  atill  extremely  variable  in  form,  but  it  consists  typically  of 
a  series  of  chamberB  wound  round  an  aids,  in  such  a  manner 


— Tji>es  or  Fon 


n.  CoriiinyU-a  fifliiicfi  :  b,  Qtiitt^itlocttlitmaerninjitiivi  ; 

uffjwM,-  r^  TrochainjninapuriUui : f,  La^nattilcaiaig, 
;h,Maryl*MUnaTfipJwnnu;  I,  FmidicutarUi  Arrhiaeinwi  ;j,  I'ol^viorjikliui 
Inrtm;  i.GlnblgtrlnabiiWriila:  I,  Tednlaiia iB«<lti4Ut :  m,CamldBliJiaIirrlgnta;  n,  nvlfnltui 
HmAJantt ; 0,  Rolnlla  Bmnrii;  ji,  TVunciKuHiia  lotaluin ;  r,  Arrlianlitaa KarrrrI ;  i,  Polyilim- 
fita  erirpa :  t,  AuiphiMr^nA  t.tBKHt1.  AJl  th«  flgurcB  an  greatly  enlajged,  the  real  i]]UQet«rj< 
raOinif'^^'nl-lWtol.lOlm'l,.    (H.  B.  Brady.) 

that  each  embraces  half  the  entire  circumference.    This  genus 
dates  from  the  Jurassic  (Lias),  and  is  well  represented  in 
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recent  seas.  It  abounded  in  Eocene  times,  one  of  the 
Tertiary  limestones  of  the  Paris  basin  being  known  as  the 
"  Miliolite  limestone,"  in  consequence  of  its  being  largely 
made  up  of  the  shells  of  a  Miliola.  In  Feneroplis  (fig.  18, 
c)  the  shell  is  a  flattened  spiral,  which  expands  very  rapidly 
in  its  last  half  turn,  the  mouth  running  along  the  length  of 
the  base,  and  being  constituted  by  numerous  isolated  pores. 
It  ranges  from  the  Eocene  to  the  present  day.  Much  more 
complicated  types  of  the  MUiolida  are  Alvedina  and  Orhit- 
olites.     The  former  bas  a  comparatively  large  fusiform  shell, 


Fig.  1!>,  -DirtTloporldip,  a,  i>ae4tD]»ni  «-uai  (ncent)  nugnlfled  BO  diametfn,  unil  Tlewecl 
frdhi  the  Inner  face  ;  B,  Dtirlj/lopora  ofrnnluir.  from  the  Bonne  TertUry.  mjtgiiifled  40  iliriL- 
vCcTV,  viewed  In  profile,  and  ahowing  two  aEiperimpowd  rin^;  c.  The  Bune  viewed  from  abovi' 
■nil aimlUrly  magnified  ;  d.  Part  gf  Uieeolumn  o[  Dncl^lopmi  rfHcii(a(n  (Tertl8n)i  Tle»ed  In 
proAlet  and  aimilarly  enlirgeiL;  r,  Fragment  of  UuachelkAlk,  with  labet  ot  GyroporfUa  ryliu- 
ifFUa,  ortbenatuni  alEe;  f.  Tranaverse  Kction  of  jt  tube  of  the  aame.  enlarged  10  diameten  : 
o,  VerUeal  Ketion  of  UieHuae,  enlarged  12  dlvneten.  (Flge.  a— uare  ifler  CarpenUi ;  Itga. 
E—o  are  afUr  0 Umbel.) 

consisting  of  many  layers  of  chambers  rolled  up  spirally 
round  an  elongated  axis,  the  last  series  opening  by  a  row  of 
pores;  and  it  dates  from  the  Cretaceous,  and  has  largely 
contributed  to  the  formation  of  various  of  the  Tertiary  lime- 
stones. The  latter  is  coin-shaped,  sometimes  more  than  half 
an  inch  in  diameter,  and  very  complex  as  regards  the  arrange- 
ment of  its  chambers.     The  genus  is  especially  abundant  in 
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the  Eocene  Tertiary,  but  it  dates  from  the  Liaa,  and  occurs 
plentifully  in  the  recent  seas. 

The  last  of  the  Milidida  which  need  notice  are  the  aber- 
rant types,  which  may  be  grouped  together  in  a  sub-family 
under  the  name  of  DadyloporidtE}  The  simplest  forms  of 
this  curious  group,  auch  aa  Dactylopora  emca  (fig.  19,  a), 
consist  of  a  series  of  isolated  but  coherent  chambers,  each 
with  a  single  opening,  disposed  in  a  half  ring,  and  either 
free,  or  more  commonly  parasitic  on  shells,  and  found  in 
tropical  seas  at  the  present  day.  The  fossil  forms  are  simllai* 
in  structure  to  the  simple  type  just  alluded  to,  but  they  fonn 
complete  rings,  and  these  rings  are  superimposed  upon  one 
another  so  aa  to  form  longer  or  shorter  columns,  closed  at  their 
lower  end  but  open  above  (fig.  19,  B — a).  Each  ring  is 
quite  independent  of  the  others,  the  orifices  of  the  constituent 
chambers  all  opening  into  the  central  cavity  (fig.  19,  c) ;  but 
in  some  of  the  fossil  forms  the  place  of  the  chambers  is  taken 
by  canals,  which,  like  the  former,  do  not  conmiunicate  witli 
one  another  (fig.  19,  f).  The  various  members  of  the  Dactyl- 
oporidat  range  from  the  Triaa  to  the  present  day,  and  they 
have  a  special  interest,  from  the  fact  that  certain  forms  of 
them  {Oyropordla,  fig.  19,  e)  constitute  vast  masses  of  lime- 
stone in  the  Triaa  of  the  Bavarian  and  Tyrolese  Alps. 

Coming  next  to  the  family  of  the  LUudida,  we  have  to 
deal  with  imperforate  Foraminifera,  mostly  with  arenaceous 
tests,  but  sometimes  sub-arenaceous  in  texture,  and  some- 
times composed  of  purely  calcareous  particles  embedded  in  a 
calcareoiis  cement.  In  Litvola  itself,  the  type  of  the  group, 
(fig.  18,  d),  the  test  is  generally  crosier-shaped,  sometimes 
nautiloid,  usually  with  a  rough  exterior,  and  composed  of 
sand^rains  a^lutinated  togetlier.  The  genus  ranges  from 
the  Carboniferous  to  the  present  day.  An  essentially  Car- 
boniferous type  is  Endotkyra,  in  which  the  shell  is  exactly 
like  that  of  a  SotaJta  in  shape,  and  which  is  found  abund- 


'  Of  Ute  yean  high  autharitiM  hav«  brongbt  forward  strong  eridence  to 
prove  that  moct  or  all  of  the  Dadyloporidce  are  really  calcareQns  Alga.  The 
<luestion  cannot  be  disciiMed  here  in  dutnil ;  but  autil  a  filial  deoigiou  has 
be«n  given  by  ipefialiita  in  the  department  of  the  Foramirtiftra,  it  aeemn 
aafert  to  retain  the  givnp  in  ita  present  position. 
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antly  in  the  Mountain  Limestone  of  Britain.      It  forme 
in  America  entire   beds  of  the   Carboniferous    Limestone 
(fig.   20).     In  Troehammina  (fig.  18,  e)  the  test  is  usually 
spiral,    consisting    of   one    or 
many  chambers,  free    or   at- 
tached,   and,    though    sandy, 
with  a  smootli  surface.      It 
ranges  from  the  Carboniferous 
to  tlie  present  day.      Valvu- 
Ihta   (fig.    21}   also  generally 
has  a  spiral  shell  which  may 
be  free  or   attached,  and    is 
normally  thick- walled,  imper- 
forate, and  sandy.    Sometimes, 
however,   the  shell   is  porous 
and    smooth,    and    in    other 
iiioSr"((w^ni.)  '""'  ""'"" ""'"'  "^     cases  the  sandy  coating  seems 
to  be  a  mere  incrustation  on 
a  calcareous  and  perforate  shell,  so  that    Vaivulina  may 
be    regarded    as    a    transitional    type    between   the   great 
aeries  of  the  imperforate  and  perforate  Foramini/era.     The 


Fig.  il,— t,  Slice  of  limsBtone  with  .«ianniniiia  Carltri, 
ufthesaine,  or  thenatunl  ti».  fiblbitiiigTnrUUoDii  c,  1 


genus   makes   its  first  appearance  in  the  Carboniferous   of 
Britain,  is  abundant  in  the  Tertiaries,  and  is  represented  in 


.obyGooglc 


FOBAMINIFERA.  1 13 

our  recent  seas.  Of  the  Temainmg  types  of  the  Lituolida, 
the  geons  Saeeammina  merits  special  meation  as  heing  the 
only  Foraminifer  which  in  Britain  actually  forms  a  limestone. 
It  consists  of  free  spherical,  pyriform,  or  fusiform  chambers 
(fig.  21),  sometimes  separate,  sometimes  united  end  to  end 
in  twos  or  threes,  with  thick,  intemally  labyrinthic  walls. 
The  central  chamber  communicates  with  the  exterior  by  a 
siugle  aperture,  and  the  average  length  of  the  chambers 
of  the  British  Carbomfi^x)us  species  (Saeeammina  Carteri, 
Brady)  is  as  much  as  l-8th  inch.  It  forms  beds  of  lime- 
stone in  the  Carboniferous  of  the  South  of  Scotland  and 
North  of  England ;  but  the  genus  is  not  known  to  occur 
again  till  we  meet  it  in  the  Fost-Fliocene,  and,  in  a  livit^ 
state,  in  the  North  Sea.  The  genus  has  also  been  found 
recentiy  in  the  Lower  Silurian  rocks  of  Scotland.  In  the 
Nodotimila  of  the  Carboniferous  we  have  another  curious 
type,  closely  resembling  the  well-known  Nodoaaria  in  fomt,, 
but  having  a  sub-arenaceous,  imperforate  test.  A  still  more 
singular  form  is  the  Staeheia  of  the  Carboniferous,  in  which 
the  test  is  also  sub-arenaceous  and  imperforate,  but  grows 
paraaitically  upon  foreign  bodies,  in  the  shape  of  a  crust 
composed  of  "  an  acervuline  mass  of  chamberlets "  (Brady). 
Lastly,  we  must  place  here  the  extraordinary  and  colossal 
extinct  forms  which  have  been  described  under  the  names  of 
Parkeria  ^  (Carpenter)  and  L&ftueia  (Brady).  Both  of  these 
are  arenaceous  in  texture,  and  both  have  a  very  complex 
and  tmly  "labyrinthic"  internal  structure.  Parkeria  occurs 
in  the  Upper  Greensand  of  Britain,  in  the  form  of  spheres, 
which  are  sometimes  over  an  inch  in  diameter ;  while  Lof- 
tusia  is  found  in  the  Eocene  Tertiary  of  Persia,  and  has  a 
fusiform  shell  which  may  attain  a  length  of  between  two  and 
nearly  three  inches. 

Pebforate  Fohaminifera. — The  forms  included  under 
this  head  have  a  calcareous  shell  more  or  less  freely  perfor- 
ated by  psendopodial  apertures,  and  they  form  a  great  series, 
of  which  only  a  few  of  the  most  important  forms  can  be 
noticed  here. 

>  According  to  Hr  Carter,  Parlena  ia  k  Hydrozoiin  sllied  to  tbe  rrcont 
VOL.  I.  H 
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The  first  family  under  this  section — that  of  the  Lagenida 
— comprises  " hyaline"  or  " vitreous "  Foraminifera,  with  a 
calcareous  shell,  the  walls  of  which  are  pierced  by  numerous 
minvie  pores,  and  are  usually  more  or  less  strikingly  thin 
and  glassy.  In  the  compound  forms  of  this  group  the  suc- 
cessive chambers  have  their  posterior  walls  formed  by  the 
front  wall  of  the  preceding  segment,  bo  that  the  septa  are 
always  single,  instead  of  being  double,  and  there  is  never 
any  "  intermediate  "  skeleton.  The  fiunily  may  be  divided 
into  two  series,  JLagena  itself  being  the  type  of  the  one, 
while  Nodosaria  is  the  type  of  the  other.  In  Lagma  (fig. 
18,/)  the  shell  is  simple,  fiask-shaped,  unilocular,  with  a 
single  prominent  aperture.  The  genus  commences  in  the 
Carboniferous,  with  a  few  rare  forms,  is  further  developed  in 
the  Secondary  and  Tertiary,  and  is  well  represented  at  the 
present  day.  Polymorpkijia  (fig.  lS,j)  is  allied  to  Lagena, 
but  it  is  multiloGular,  the  chambers  being  usually  arranged 
in  a  double  series.  It  is  represented  in  the  Trias,  and  sur- 
vives under  common  types  at  the  present  day.  In  the  series 
of  which  Nodosaria  is  the  type,  we  have  perforate  Forami- 
nifera  consisting  of  a  succession  of  chambers,  each  of  which 
is  essentially  similar  to  a  Lagena,  arranged  in  a  series,  which 
is  usually  nearly  or  quite  straight,  though  sometimes  spirally 
involuted.  In  Nodosaria  itself  (fig.  18,  g)  the  chambers  are 
simple,  and  are  disposed  in  a  Btraight  line.  It  ranges  from 
the  Permian  to  the  present  day.  DenttUina,  ranging  from 
the  Carboniferous  onwards,  is  fundamentally  like  Nodosaria, 
but  the  shell  is  bent  like  a  bow.  Vaginvlina  comprises 
forms  similar  to  Nodosaria,  but  laterally  compressed,  and 
begins  in  the  Trias.  Marginidina  (fig.  18,  h)  is  slightly 
curved,  or  is  sometimes  crosier-shaped,  and  also  starts  in  the 
Trias.  Frondimlaria  (fig.  18,  i)  has  the  shell  flattened  out 
and  leaf-like,  and  likewise  makes  its  first  appearance  at  the 
summit  of  the  Trias.  Lastly,  Grideilaria  (with  RabuMna) 
comprises  forma  more  or  less  spirally  inrolled  or  crosier- 
shaped,  which  extend  from  the  Chalk  to  the  present  day, 
and  have  a  very  wide  development  both  iudividually  and 
specifically. 

In  the  second  family  of  the  Perforate  Foramin,^era — that 
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of  the  Gldbigerinida — are  included  by  Dr  Carpenter  all  tliose 
hyaline  or  vitreous  Foraminifera  which  have  their  ahell- 
substance  coarsely  perforated  for  the  exit  of  the  pseudopodia. 
There  ia  sometimes,  though  not  nsually,  a  "  supplement^ " 
skeleton,  and  the  chambers  generally  communicate  with  one 
another  by  a  larger  or  smaller  crescentic  aperture,  and  not 
by  circular  pores.  Three  simple  or  unilocular  types — viz., 
Orhvlina,  Owlites,  and  SpiriUina,  are  known ;  of  wliich  the 
first  (fig.  14)  is  the  most  important.  It  has  a  spherical 
shell,  -with  numerous  lai^e-sized  pores  distributed  amoug 
the  smaller  oues ;  and  though  its  distribution  at  the  present 
day  is  uuiversal,  its  earliest  appearance  seems  to  be  in  the 
Miocene  Tertiary.  In  Ovidites^  the  one-chambered  ovate  test 
possesses  an  aperture  at  both  ends.  It  is  fouud  in  the 
Eocene  and  Miocene.  In  SpirUlina,  again,  the  test  is  coiled 
into  a  fiat  spiral ;  and,  likewise  commencing  in  the  Eocene, 
it  ia  continued  to  the  present  day.  The  type  of  the  Gldbi- 
gerinida, however,  ia' Olabigerina  itself  (fig.  18,  k),  in  which 
there  is  a  polythalamous  shell  consisting  of  globose  segments 
arranged  in  a  turbinate  spiral,  or  irregularly  disposed.  The 
chambers  do  not  communicate  with  one  another  directly,  but 
each  opens  by  a  special  aper- 
ture into  a  deep  central  or  um- 
bilical depression.  In  some  ^ 
forms  (as  also  in  Orbulina)  m^\ 
the  test,  when  perfect,  ap-  ^Hr 
pears  to  be  covered  with  long  ^^^ 
and  extremely  dehcate  spines. 
Globigerina  dates  from  the 
Cretaceous  (Trias?),  and  is 
extremely  abundant.  It  is  of 
special  interest,  as  being  the  principal  constituent  of  the 
"  ooze "  found  at  great  depths  in  the  larger  oceans  at  the 
present  day ;  while  its  shells  form  an  equally  large  portion 
of  the  White  Chalk  (see  p.  15). 

The  remaining  members  of  the  GlobigeHnida  fall  into  two 


'  Becant  reseercliM  point  to  the  view  thkt  Orulitct  U  a  detached  «eginei)t  of 
a  calcaKona  Alga,  bat  farthu  evidence  is  requited  before  this  eoucliuioti  ia 
final];  adopted. 
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great  sectiotiB,  typified  reapectively  by  Texiviaria  and  Sotalia. 
In  Tecdularia  itself  (figs.  18,  I,  and  22)  the  teat  is  generally 
conical  or  wedge-shaped,  and  consists  of  numerous  chambers 
arranged  in  two  alternate  parallel  series.  Bigenerijia  is  much 
the  same  as  Texiviaria,  except  that  the  last-formed  segments 
are  disposed  in  a  single  and  not  a  double  series,  and  both 
make  their  fast  appearance  in  the  Carboniferous,  the  latter 
being  a  common  tjrpe  in  many  formationB,  and  being  specially 
abundant  in  the  Chalk.  Bulimina  (fig.  18,  n),  dating  from 
the  Trias  onwards,  consists  of  spheroidal  segments  which 
progressively  increase  in  size,  and  form  an  oblique  spiral ; 
while  Oassidulina  (fig.  18,  m),  ranging  from  the  Miocene  to 
the  present  day,  though  truly  biserial,  is  more  or  less  com- 
pletely rolled  up,  and  may  thus  be  regarded  aa  an  involute 
Textularia.  Lastly,  Chrysidalvna,  dating  from  the  Chalk,  is 
like  Tesiviaria,  but  ia  triseriaL 

In  the  Eotaline  series,  the  shell  is  typically  composed 
"  of  a  succession  of  coarsely  porous  or  globigerine  segments, 
arranged  in  a  turbinoid  spire,  and  communicating  with  each 
other  by  a  crescentic  aperture  situated  at  the  junction  of  the 
septal  plane  with  the  free  surface  of  the  convolution  "  (Car- 
penter). Such  a  form  of  shell  is  exhibited,  for  example,  by 
IHacorUna  (fig.  13,  c),  which  dates  from  the  Chalk,  and  is 
found  living  in  our  seas,  PulvinuHria,  with  a  spiral,  usually 
trochoid  shell,  differs  from  DiscoHnita  in  having  a  much  more 
finely  porous  shell.  By  the  researches  of  Mr  Brady,  this 
type  has  been  carried  back  to  the  Carboniferous  period ;  and 
it  is  thus  one  of  the  earliest  representatives  of  the  Botalines. 
In  Rotalia  itself  (fig.  18,  o),  the  test  is  also  spiral  and  turbin- 
oid, but  its  structure  is  more  complex  than  in  the  preceding, 
the  shell-substance  being  compact  and  very  finely  porous ; 
while  each  chamber  is  enclosed  by  a  complete  wall  of  its 
own,  and  there  are  canal  -  like  spaces  between  the  two 
lamellae  forming  each  septum.  In  these  respects,  Botolia 
closely  approaches  the  Nummuline  type.  The  earliest  2io- 
talioB  appear  in  the  Chalk,  but  the  genus  attains  its  maximum 
in  the  Tertiary  period,  and  is  well  represented  at  the  present 
day.  The  approximation  to  the  Nummuline  type  is  further 
manifested  by  Calcarina  (fig.  17,  B  and  c),  in   which    the 
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shell  is  spiral  and  discoidal,  witli  spur-like  maiginal  append- 
ices, and  with  a  well-developed  "supplemental  skeleton" 
and  "  canal-system."  The  genus  has  been  shown  by  Brady 
to  commence  in  the  Carboniferoua.  In  Planorbultna  the  shell 
is  composed  of  niimeroua  segments,  at  first  spirally  and  then 
cyclically  disposed.  It  dates  from  the  Tertiary  period,  but 
the  forms  which  are  included  under  the  sub-generic  name  of 
TrunceUidina  (fig.  18,  p)  commence  in  the  Carboniferous. 
TifwpoTus,  dating  from  the  Chalk,  is  in  some  respects  inter- 
mediate between  Calcarina  and  Planorbulina,  its  general  form 
being  like  the  former,  while  the  irregular  and  partly  cyclical 
arrangement  of  its  chambers  recalls  the  latter.  There  is 
also  sometimes  a  "  supplemental  skeleton  "  and  "  canal-sys- 
tem." We  may  just  mention,  also,  the  genus  Pdytrema, 
though  not  yet  known  in  the  fossil  state,  since  it  has  some 
curious  resemblances  to  some  forms  of  corals  and  Pdyzoa. 
It  forms  crusts,  or,  more  commonly,  branched  outgrowths, 
parasitically  attached  to  foreign  bodies ;  and  it  consists  of 
numerous  intereommimicatii^  irregular  chambers,  the  walls 
of  which  are  penetrated  by  an  extensive  system  of  capillary 
canals.  Polytrema  seems  to  be  the  represeutative  in  the 
Rotaline  series  of  the  singular  genus  Staeheia  among  the 
Inperforata.  Lastly,  the  genus  Involutina,  from  the  Lias,  is 
usually  placed  among  the  Rotalines,  though  it  presents  some 
peculiarities  which  would  remove  it  from  this  series,  or  would 
even  place  it  altogether  outside  the  section  of  the  Perforate 
Foramini/era. 

Finally,  we  have  the  family  of  the  Nummulinida,  comprising 
the  most  complex  and  the  most  highly  oi^anised  of  all  the 
Foramini/era.  In  the  forma  included  under  this  head,  the 
shell  is  compound,  the  successive  chambers  are  enclosed  each 
in  its  proper  wall  (as  diagrammatically  shown  in  fig.  1 7,  a), 
there  is  almost  always  a  well-developed  "intermediate"  or 
"  supplemental "  skeleton,  which  renders  the  shell  strong  and 
compact,  and  which  is  perforated  by  a  "  canal-system,"  origi- 
nating in  the  spaces  between  the  two  lamelhe  of  which  each 
septum  is  composed ;  while  the  shell-substance  is  pierced  by 
close-set  and  extremely  fine  tubules,  the  septa  alone  wanting 
these,  80  that  contiguous  chambers  usually  communicate  by 
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but  one  large  aperture.  The  form  of  the  shell  ia  typically  a 
diacoidal  spiral  or  a  cycloidal  disc. 

There  ia  a  relationship  of  a  decided  chaiacter  between  the 
higher  Botalines  and  the  Nummnlinida,  as  exhibited  by 
forms  like  JRotedia  itself,  and  Galcarina  on  the  one  hand, 
and  by  Polydom,dla  and  AmphistefftTia  on  the  other  hand. 
In  PolystoTneUa  (fig.  18,  b)  the  shell  is  lenticular,  diflcoidal, 
composed  of  successiTe  chambers,  which  are  prolonged  into 
wing-like  ("  alar ")  prolongations,  which  extend  inwards  to 
the  centre,  thus  concealing  the  earlier  turns  of  the  spire 
from  view,  while  the  centre  itself  is  occupied  by  a  solid  cal- 
careous boss,  penetrated  by  irregular  canals.  The  "canal- 
system  "  is  extraordinarily  developed  and  very  complex. 
Some  of  the  simpler  types  of  Polytiomella  are  grouped  to- 
gether under  the  name  of  Nonvmina ;  and  the  genus  seems 
to  make  its  first  appearance  in  the  Upper  Chalk,  being  well 
represented  in  the  Tertiaries,  and  surviving  to  the  present 
day. 

Amphistegina  still  more  closely  approaches  the  Eotalines, 
with  which  it  has  sometimes  been  grouped.  Ita  shell  is 
spiral  and  discoidal  (iig.  18,  t),  usually  more  or  less  inequi- 
lateral, each  chamber  being  saddle-shaped,  and  sending  forth 
"  alar  "  prolongations  vhich  reach  nearly  to  the  centre,  where 
is  placed  a  solid  boss.  The  shell-eubstance,  with  exception 
of  the  septa  and  the  central  boss,  is  penetrated  by  numerous 
close-set,  parallel,  extremely  minute  tubules,  but  the  "  canal- 
system  "  is  only  imperfectly  developed.  Brady  has  shown 
that  the  genus  occurs  in  the  Carboniferous ;  but  with  this 
exception  it  is  Tertiary  and  Recent 

Another  very  ancient,  and  more  anomalous,  type  of  the 
Nummuline  group  is  the  Arcfuediscm  of  Mr  Brady  (fig.  18,  r), 
which  occurs  also  in  the  Carboniferous  Limestone.  In  this 
curious  fonn  the  test  is  "  convoluted,  rounded,  more  or  less 
uusymmetricftl ;  formed  of  a  non-septate  tube  coUed  upon 
itself  in  ft  constantly  varying  direction ;  the  shell-wall  trans- 
versed  by  very  numerous  parallel  minute  tubuli  "  (Brady). 

In  the  genus  Nv/mmvlina  itself  (fig.  23)  the  shell  is  coin- 
shaped,  of  large  size,  sometimes  as  big  as  a  florin,  or  larger, 
composed  of  numerous  chambers  arranged  on  one  plane  in  a 
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regular  spiral.  Each  chamber  is  saddle-sbaped,  the  internal 
or  "  alar "  prolongatiODS  of  each  extending  to  the  centre,  so 
that  each  revolatiou  completely  encloses  and  conceals  from 
view  all  the  preceding  ones.  The  successive  chambers  com- 
municate by  means  of  arched  fissures,  which  perforata  each 
septum,  close  to  the  periphery  of  the  previous  turn  of  tho 


Hg.  n.~NunvHUiBa  Humniilarfa.  ±,  The  ibell  ligwiid  (hitn  ibove:  n,  The  uun«, 
horlBHitialy  Ugectad ;  c,  Tbs  nine  vsrtlal]]'  blKcted  i  n,  Vartlcii  uctloii  of  put  oT  tho 
■hell,  highly  magnlOed,  ihowlng  tho  chjunhfira  of  the  madlui  pUiie.  the  alar  prolongBtioDa, 
tfld  the  tubull  at  the  Bhell-eabeUnce.    Eocene  Turtluy. 

Spire,  while  secondary  and  irregular  pores  in  the  septa  dis- 
chai^e  the  same  function.  The  general  shell-suhstance  is 
traversed  by  extremely  minute  parallel  tubuli  (fig.  23,  d)  ; 
and  there  is  a  supplemental  skeleton  (forming  the  so-called 
"  marginal  cord  "),  which,  together  with  the  septa,  is  pene- 
trated by  a  well-developed  and  ramified  "  canal-system " 
(see  fig.  17,  d).  By  the  researches  of  Mr  Henry  Brady,  we 
know  now  that  the  range  of  the  genus  Nummvlina  in  time 
must  be  carried  back  to  the  Carboniferous,  one  small  form 
having  been  detected  in  the  Mountain  Limestone  of  Belgium. 
A  few  "  Nummulites "  have  also  been  detected  in  strata  of 
Jurassic  and  Cretaceous  age,  but  the  maximum  development 
of  the  genus  is  recorded  in  the  early  Tertiary  period  (Middle 
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Eocene).  At  this  period  ia  tlie  earth's  luBtory  ^e  find  the 
Kimunulitea  existii^  in  extraordiiiary  profusion,  and  building 
up  the  -wide-spread  and  massive  series  of  calcareous  deposits 
which  are  known  aa  the  "  Nummulitic  Limestone."  Acoord- 
ii^  to  Sir  Charles  Lyell,  "  the  Nmmnnlitic  limestone,  with 
its  characteristic  fossils,  plays  a  far  more  couspicnoua  part 
than  any  other  Tertiary  group  in  the  solid  firamework  of  the 
earth's  crust,  whether  in  Europe,  Asia,  or  Africa.  It  often 
attains  a  thickness  of  many  thousand  feet,  and  extends  &om 
the  Alps  to  the  Carpathians,  and  is  in  full  force  in  the  north 
of  Africa,  as  in  Algeria  or  Morocco.  It  has  also  been  traced 
from  Egypt,  where  it  was  largely  quarried  of  old  for  the 
building  of  the  Fytamida,  into  Asia  Minor,  and  across  Persia, 
by  Bagdad,  to  the  mouths  of  the  Indus.  It  occurs  not  only 
in  Cutch,  but  in  the  mountain-ranges  which  separate  Scinde 
from  Persia,  and  which  form  the  posses  leading  to  Cabnl ; 
and  it  has  been  followed  still  further  eastwards  into  India, 
as  far  as  Eastern  Bengal  and  the  frontiers  of  China."  In  the 
later  Tertiary  period,  the  genus  underwent  a  striking  de- 
generation ;  and  it  is  represented  at  the  present  day  by  only 
a  few  small  forms,  which  are  found  in  arctic,  temperate,  and 
tropical  seas. 

Very  closely  allied  to  Nummvlina,  and  of  equal  or  even 
greater  geological  importance,  is  the  genus  Fugviina,  the 
typical  forms  of  which  (fig. 
24)  are  spindle-shaped  in 
figure,  and  may  be  compared 
to  a  Kununulite  drawn  out 
at  its  umbilici.  According  to 
Brady,  however,  some  spe- 
cies of  Fusulina  are  discoidal  and  symmetrical,  and  thus  not 
distinguishable  in  form  from  NummtUina ;  while  in  other 
species  the  test  is  spherical.  In  internal  structure,  and  es- 
pecially in  the  minute  tubulatiou  of  the  shell-substance,  the 
genus  approaches  Nummulina,  but  a  regular  interseptal 
"  canal-system "  appears  to  be  wanting,  and  the  chambers 
are  broken  up  into  chamberlets.  Most  of  the  FuBuXinof  are 
of  considerable  size,  often  ft^m  a  third  to  a  half  of  an  inch  in 
length,  and  they  often  constitute  massive  beds  of  limestone, 
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which  have  been  justly  paralleled  with  the  Nummtilitic 
LimestODe  of  the  Eocene.  Thus  they  form  whole  beds  of 
the  CaibonifeiouB  limestone  in  Eussia,  Central  Europe, 
Armenia,  India,  China,  Japan,  and  the  United  States. 
Thoagh  pre-eminently  Carboniferous,  they  occur  also  in  the 


The  remaining  types  of  the  Nummulinida,  with  the  excep- 
tion of  the  much-disputed  Eoxoon,  can  be  merely  alluded  to 
here.  The  genus  OrUtoides  is  extremely  like  Nummidina 
in  external  appearance  and  form,  and  has  been  often  mis- 
taken for  it,  but  it  differs  considerably  in  its  internal  struc- 
ture, and  especially  in  the  fact  that  its  mode  of  growth  is 
cyclical  instead  of  spiral,  and  the  place  of  the  "  alar  prolon- 
gations" of  the  chambers  of  the  latter  is  taken  by  a  multitude 
of  chamberlets.  The  genus  appears  first  at  the  summit  of 
the  Cretaceous,  but  it  undei^oes,  along  with  its  ally  Num- 
mviiita,  an  extraordinary  development  in  the  early  Tertiary 
period,  and  it  forms  immense  masses  of  Eocene  limestone  in 
the  Southern  United  States,  the  West  Indies,  and  in  various 
parts  of  the  Old  World.  A  nearly  allied  genus  is  Cyclody- 
pevs,  which  is  also  coin-shaped,  and  is  strictly  cyclical  in  its 
mode  of  growth.  It  occurs  in  thg  Miocene  Tertiary,  and 
the  only  known  recent  types  attain  an  extraordinary  size 
(over  two  inches  in  diameter).  Opercidma,  again,  is  much 
more  closely  related  to  Nummviiiia  proper  in  its  internal 
structure,  though  it  differs  in  form,  owing  to  the  fact  that 
the  chambers  of  the  spirally -inrolled  shell  have  no  "alar 
prolongations,"  and  thus  approximate  to  the  Eotaline  type. 
The  genus  commences  in  the  Upper  Cretaceous,  but  is  par- 
ticularly developed  in  the  Eocene  of  the  South  of  Europe 
and  Africa.  Lastly,  Seteroslegina  (Tertiary  and  Becent) 
differs  from  OperculiTui  chiefly  in  having  the  principal  cham- 
bers broken  up  into  chamberlets  by  secondary  septa. 

Finally,  if  we  admit  that  it  is  truly  a  fossil,  we  must 
include  here  the  singular  body  which  is  known  as  Eozoon 
Canadente.  Upon  the  true  nature  of  this  body  a  long  con- 
troversy has  been  carried  on,  into  which  it  would  be  impos- 
sible and  out  of  place  to  enter  here.  It  is  sufficient  to  say 
that  while  tiie  highest  living  authorities  upon  this  special 
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group  of  OTganiBms  regard  Eozoon  Canadense  as  an  aberrant 
Nummuline  Foraminifer,  there  are  other  observers  who  look 
upon  it  aa  a  purely  mineral  and  inorganic  structure.^  If, 
however,  we  accept  the  Foraminiferal  nature  of  Eaxoon  as, 
at  any  rate,  highly  probable,  we  are  presented  here  with  a 
type  of  extraordinary  interest,  not  only  from  its  intrinsic 
peculiarities,  but  also  as  the  most  ancient  representative  of 
the  group  of  Foraminifera,  and,  indeed,  as  the  oldest  fossil 
which  has  yet  been  exhumed  from  the  earth's  crust 

The  stracture  known  as  Eozoon  is  found  in  various  locali- 
ties in  the  Lower  Laurentian  limestones  of  Canada,  in  the 
form  of  isolated  masses  or  spreading  layers,  which  are  com- 
posed of  thin  alternating  laminae,  arranged  more  or  less  con- 
centrically (fig.  25).     The  laminse  of  these  massea  are  usually 


Fig.  St.— FngnMBt  oCSdioob,  oj 

of  diflerent  colours  and  composition ;  one  series  being  white, 
and  composed  of  carbonate  of  lime — whilst  the  lamiuEe  of 
the  second  series,  alternate  with  the  preceding,  are  green  in 
colour,  and  are  found  by  chemical  analysis  to  consist  of  some 
silicate,  generally  serpentine  or  the  closely  related  "  ioganite," 
or  white  pyroxene.  In  some  instances,  however,  all  the 
laminee  are  calcareous,  the  concentric  arrangement  still  re- 
maining visible  in  consequence  of  the  fact  that  the  lamiuEe 

'  Since  the  Above  «u  written,  Profenar  Mijbins  hu  pabliahed  an  elaborate 
treatiBe  apoo  EotoOn,  and  has  arriTed  at  the  coqcIduod  that  it  is  not  tmly 
orginic  It  would  not  appear,  hawevet,  so  far  aa  the  author  is  able  to  Judge, 
that  the  argnmenta  of  Hdbiua  are  by  any  means  dfciBive  ;  and  it  maj  Bafely 
be  concluded  that  the  hut  word  on  Eotolfit  has  yet  to  be  apoken. 
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are  composed  alternately  of  lighter  and  darker  coloured  lime- 
stone. 

Wlien  first  discoyered,  the  masses  of  Eozoon  -were  sappoaed 
to  be  of  a  mineral  nature  but  their  striking  general  resem 
blonce  to  the  undoubted  fossds  which  vill  be  subsequently 
spoken  of  under  the  name  of  Strainatopora  was  recognised  by 
Sir  William  Logan,  and  specimens  were  snbmitted  for  minute 
examination,  first  to  Principal  Dawson  and  subsequently  to 
Dr  W.  B.  Carpenter.  After  a  careful  microscopic  examma 
tion,  these  two  distinguished  observers  came  to  the  conclusion 
that  Eozoon  was  truly  organic  and  in  this  opmiOD  they  were 
forwards  corroborated  by  other  high  authonties  (Mr  W  K 
Parker,  Professor  Rupert  Jones  Mr  H  B  Brady  Professor 
Giimbel,  &c.)  Stated  briefly  the  structure  of  Eozoon  as 
exhibited  by  the  microscope  is  as  follows  — 

The  concentrically-laminated  mass  of  Eozoon  as  described 
by  Dr  Carpenter  and  Prmcipal  Dawson  is  composed  of 
numerous  calcareous  layers  representing  the  or^nal  skele 
ton  of  the  organism 
(fig.  26,  b).  These 
calcareous  layers  serve 
to  separate  and  define 
a  series  of  chambers 
arranged  in  successive 
tiers,  one  above  the 
other  (fig.  26,  A,  b, 
c) ;  and  they  are  per- 
forated not  only  by  pas- 
sages (fig,  26,  c),  which 
serve  to  place  succes- 
sive tiers  of  chambers  i-tnr. 
in  communication,  but 
also  by  a  system  of  del- 
icate branching  canals 
(fig.  26,  d).  Moreover, 
the  central  and  princi- 
pal portion  of  each  calcareous  layer,  with  the  ramified  canal- 
system  just  spoken  of,  is  bounded  both  above  and  below  by 
a  thin  lamina  which  has  a  structure  of  its  own,  and  which 


Fig.  M.— Dkgnm  of  ■  pnrtian  at  Samm  cnt  Itrtl- 
C7,  Tbna  tlen  of  dumben  commimlutiDg 
tba  bj  iKghtlT  conitrlctsd  apertiiFM ;  i  a, 
TM  true  ineU-iriU,  perforated  by  unmeroDi  delicate 
tube*:  H),  The  in»ln  wlaiMni  «kel«ton("lntmTO*iH- 
ete  ekelvton  ") ;  c,  PuHge  of  conuDnnlcation  ("  vtolon- 
panagft ")  from  odo  tier  of  diuaben  to  uioUieT ;  d, 
Runlfylng  tobea  <a  the  ctlcanoiu  ikcletoa.  (After 
Caipstiter.} 
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may  be  regarded  aa  the  proper  shell-waJl  (fig.  26,  a  a).  This 
proper  wall  forms  the  actual  lining  of  the  chambers,  aa  well 
as  the  outer  sarface  of  the  whole  mass ;  and  it  ia  perforated 
with  nunierous  fine  vertical  tnbea  (fig.  21,  a  a),  opening  into 
the  chambers  and  on  tlie  surface  by  corresponding  fine  pores. 
From  the  leaemblaDce  of  tbis  tubulated  layer  to  similar  atruc- 
turea  in  the  ahell  of  the  Kummulite,  it  is  often  spoken  of 
aa  the  "  Nummuline  layer."  The  chambers  are  sometimes 
piled  up  one  above  the  other  in  an  irregular  manner ;  but 
they  are  more  commonly  arranged  in  regular  tiers,  the 
separate  chambers  being  marked  off  from  one  another  by 
projections  of  tlie  wall  in  the  form  of  partitions,  which  are 
80  far  imperfect  aa  to  allow  of  a  free  communication  between 
contiguoua  chambers.  In  the  original  condition  of  the 
organism,  all  these  chambers,  of  course,  must  have  been 


Fig.  ST. — FortloD  of  one  of  the  e^cueons  lafAn  of  EieODti,  mngnifled  100  dSainetflTl- 
no,  Tbe  pmpemllC'  NuiDma11neUy«r")ot  one  of  thf  chunben,  ihuwlngthe  flna  vsitiul 

intermHlUbi  BksLeton,  wlUi  nnmenini  bnneliBd  cuialg.  Tbe  oMiqu«  llnei  eie  the  duvags 
plinu  of  tbs  curbonitc  of  lima,  ettendlng  uroM  boUi  tb«  lotonnadliiW  ikslaton  aad  the 
proper  waU.    (Alter  Cupenlsr.) 

filled  with  living  matter ;  but  they  are  found  in  the  preaent 
atate  of  the  fossil  to  be  generally  filled  with  some  silicate, 
auch  as  serpentine,  which  not  only  fiUa  the  actual  chambers, 
but  has  also  penetrated  the  minute  tubes  of  the  proper  wall 
and  the  branching  canals  of  the  intermediate  skeleton.     In 
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some  cases  the  chKmbeis  are  simply^  filled  with  cryatalline 
carboQate  of  lime.  When  the  originally  poroos  fossil  has 
been  permeated  by  a  ailicate,  it  is  possible  to  dissolve  away 
the  whole  of  the  calcaieons  skeleton  by  means  of  acids, 
leaving  an  accurate  and  beautiful  cast  of  the  chambers  and 
the  tubes  connected  with  them  in  the  insoluble  silicate. 

From  the  point  of  view  that  Eozoon  is  truly  Foraminiferal, 
it  must  be  regarded  as  a  gigantic  member  of  the  Nummu- 
linida,  which  must  have  grown  in  reef-Iilce  masses.  It  also 
has  decided  affinities  to  the  Botaline  genera  Pdytrema  and 
Calcarina,  resembling  the  former  in  its  irregular  mode  of 
growth,  while  it  approaches  the  latter  in  intimate  structure. 
The  test  in  Sozoon  is  distinctly  of  a  Nummuline  type,  as 
shown  by  its  possessing  a  minutety  porous  or  tubular  "  proper 
wall "  to  the  aarcode-cbambers,  while  there  is  also  a  largely 
developed  "  intermediate  "  or  "  supplemental "  skeleton,  pene- 
trated by  a  "  canal-system ; "  but  it  differs  from  all  the  known 
Nummulinida  in  its  indefinite  and  often  "  acervuline  "  mode 
of  increase.  The  minute  structure  of  the  test  wiU  be  readily 
understood  by  comparing  figs.  26  and  27  with  fig.  1?  c,  the 
latter  representing  a  much-enlarged  view  of  part  of  the  test 
of  CaicariTui.  On  the  other  hand,  Piofessoia  King  and 
Bowney,  Mt  Carter,  and  others,  maintain  that  Eozoon  is 
inoi^anic,  and  that  its  so  -  called  "  proper  wall "  is  really 
nothing  more  than  fibrous  serpentine. 

Eozoon.  Canadense  occurs  in  the  crystalline  metamorphic 
limestones  of  the  Lower  Lanrentian  in  Canada,  and  it  has 
also  been  detected  in  the  same  country  in  similar  limestones 
believed  to  be  of  the  age  of  the  Upper  Laurentian  or  Hu- 
ronian.  An  allied  form  (species  ?)  has  been  found  in  rocks 
supposed  to  be  Laurentian  in  Newfoundland ;  Dr  Giimbel 
has  described  a  third  form  from  crystalline  hmestone  belong- 
ing to  the  "  Hercynian  gneiss  formation  "  (Lower  Cambrian 
or  HuTonian  ?)  of  Bavaria ;  while  similar  structures  are  stated 
to  occur  in  the  serpentinous  marbles  of  Connemara  in  Ireland 
(which  are  thot^ht  to  be  of  Lower  Silurian  age). 

Lastly,  Dr  Dawson  has  given  the  name  of  Arch/eospJuerinw 
to  small  spherical  masses  of  serpentine,  sometimes  single, 
sometimes  united  together  in  small  numbers,  which  he  finds 
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ia  the  Laurentian  limestones  of  Canada,  and  wIucIl  he  states 
to  be  surroanded  by  a  tubulated  calcareous  shell,  Teeembling 
the  "  proper  wall "  of  Eozoon.  He  is  of  opinion  that  these 
bodies  are  either  detached  chamberlets  of  Eozoon,  or  that 
they  are  independent  organisms,  allied  to  Eozoon,  but  of  a 
simpler  type. 

Receptactlites. 

Before  leaving  the  Foraminifera,  we  must  briefly  consider 
the  curious  fossils  grouped  together  under  the  name  of 
Eeceplacvlites  (figs.  28  and  29),  which  appear  to  constitute 
an  aberrant  type  of  the  Foraminifera.  If  truly  referable  to 
this  group  of  animals,  Receptaadites  is  not  only  highly  abnor- 
mal in  point  of  m^;nitude,  being  sometimes  as  much  as  a  foot 
a  in  diameter,  but  its  actual 

structure  is  quite  anomal- 
ous. The  genus  includes 
large  fossils,  which  ore  usu- 
ally discoid,  basin-shaped, 
funnel-shaped,  cylindrical 
or  globular  in  shape,  and 
which  consist  of  a  large 
central  cavity,  probably 
filled  with  Barcode  in  the 
living  condition  (fig.  28), 
«T.«fii«^  surrounded  by  a  thick 
L  .Brticii  »e-    wall  of  complicated  struc- 

tionofaperfect  ftpedmen.  a.  The  apertura  At  the  ^         t 

Bummit;  6,  ThBlnnerint«gmnBnt;  t,  Tbeooter  turO.         In    the    CUp-shaped 

integument;  ». The uenilpoeltlonof  the nucleu.;  f„__,a      f(t„       an        .\      ,l- 

V,  The  great  inUraBl  P*vit)'.  The  nnihmded  taadii  lorms      \Ug-      ^  »,      AJ      tlllS 

rminlngfrQmUieDiiterW  the  liner  inte«uniei.t  central  Cavity  18  widelv 
represent  tb»  iriU»i».    (Alter  BUlinge.)  ,  -'  ■' 

open  above;  but  m  the 
globular  forms,  according  to  Billings,  it  communicates  with 
the  exterior  by  but  a  small  aperture  situated  on  the 
upper  surface  (fig.  28).  The  wall  bounding  the  central 
chamber  is  composed  of  (1)  an  external  int«gument,  (2)  an 
internal  int^ument,  and  (3)  an  intermediate  space  crossed 
perpendicularly  by  more  or  less  closely  approximated  tubular 
pillars  (fig.  28,  and  fig.  29,  c).     Both  the  outer  and  inner 


pig.  SS.— Diagram  of  the  i 
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integuments  of  the  wall  are  composed  of  numerous  rhom- 
boidal  calcareous  plates  (fig.  29,  b),  closely  fitting  together, 
and  arranged  in  obliquely-curved  intersecting  rows,  giving 
fr^ments  of  the  foaail  very  much  the  appearance  of  the 
engine-turned  case  of  a  watch.  According  to  Billings,  the 
points  of  junction  of  each  quartette  of  pistes  in  the  inner 
interment  are  pierced  by  foramina  (see  fig,  28),  which 
allow  of  a  commnnicatiou  between  the  central  cavity  and 


— Horpbology  of  ReaptacutitetM  a.  Outline  of  ft  perfect,  buin-ihiped  ipecimAn  of 
Kin  Nepltinl,  viewed  <c  praflle,  of  the  nstaral  si» :  b,  Put  of  the  outer  lut^;ument 
of  the  nme,  BnlflxH^  two  dUioGtBTm,  uid  »  Ihr  weathered  u  to  ahov  the  cbiuIh  iwlUtlng 
frum  tbe  Aiunialt  of  the  ndial  pUlua  ;  c^  BLde  view  of  a  fragment  of  the  HBiiie,  ehowlag  thn 
radial  plUara  uniting  the  Inner  and  outer  Inl^umenU;  n.  Verticil  Hction  of  the  uiiie, 
maeniBed,  ihowliig  the  outer  and  inner  integumenti  (o  snd  f),  ind  the  ceutrel  cuula  of  the 
plllara.    From  the  Devonian  of  Oermanjr.    (AftM  GUmbel.) 

the  intercolumnar  spaces  of  the  wall ;  hut  no  such  apertures 
could  be  detected  by  Giimhel  in  the  specimens  examined  by 
him ;  and  he  thinks  that  this  communication  is  effected  by 
m€ans  of  minute,  microscopic  canals  between  the  edges  of 
contiguous  plates.  The  last-named  observer  has  also  shown 
that  the  radial  pillars  of  the  wall  are  thick  and  nearly  sohd, 
hut  are  perforated  by  a  central  tube  or  canal  (iig.  29,  d), 
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■while  their  aubstance  is  oompoaed  of  calcareous  fibres  ar- 
ranged in  a  feather-like  mamier.  £ach  pUlar,  further,  is 
attached  to  the  centre  of  one  of  the  plates  of  both  the  outer 
and  inner  integumeuts,  and  the  central  tube  of  the  pillar 
opens  into  a  system  of  horizontal  canals  which  penetrate  the 
subatance  of  these  plates.  In  the  plates  of  the  outer  iut^;u- 
ment  there  are  four  of  these  canals,  springing  from  the  main 
tnbe  of  the  pillar,  directed  towards  the  four  angles  of  the 
plate,  defended  by  rib-like  thickenings  of  the  plate,  and  often 
laid  open  by  weathering  (see  fig.  29,  b).  In  the  plates  of 
the  inner  integument,  on  the  other  hand,  the  horizontal 
canals  are  smedler,  less  clearly  quadripartite,  and  more  or 
less  ramified. 

As  to  its  aflBnities,  Mr  Salter  regarded  Seeepiaeulites  aa  a 
Foraminifer,  and  he  placed  it  in  the  neighbourhood  of  Orbito- 
liies.  Mr  Billings,  however,  pointed  out  that  the  genua  has 
some  curious  points  of  resemblance  to  the  "  gemmule  "  of  the 
fresh-water  sponges,  and  he  regarded  it  as  being  upon  the  whole 
a  sponge,  havii^  relationships  with  the  Foramimfera.  The 
most  recent  researches  upon  the  genus,  by  Gumbel,  indicate 
its  proper  position  to  be  probably  with  the  Foramini/era, 
though  it  can  hardly  be  placed  in  the  immediate  neighbour- 
hood of  any  of  the  familiea  of  this  order.  The  genus  is 
pre-eminently  Silurian  and  Devonian,  but  Suess  has  indi- 
cated its  existence  in  rocks  of  Carboniferous  age.  It  seems 
likely  that  some  problematical  types,  which  have  been  doubt- 
fully referred  to  tJie  Spongea,  to  the  Tunicates,  or  even  to  the 
Cystideans,  may  really  belong  to  the  same  family  with  Se- 
eepiaculites.  This  may  be  the  ultimate  destination  of  the 
various  singular  bodies  described  by  Billings  as  Paeeedus,  by 
^chwald  as  Cydoarinvs,  by  Salter  as  NxdvlUen,  and  by  Pen- 
gelly  aa  ^hc^oapongia,  the  true  nature  of  all  these  being 
still  uncertain ;  but  Uie  little  that  need  be  said  about  these 
problematical  forms  will  be  given  when  treating  of  the  Cys- 
tideans. In  any  case,  the  Silurian  genera  described  under 
the  names  of  laehadites  and  Tetragoms  are  certainly  the 
same  as  Eeceptaculites. 
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SVB-KINGDOM  I.— PROTOZOA  {Oontinw^. 
RADIOLARIA   AUD   SPOXOIDA. 

II. — Eadiolabia. 

UxDKK  the  head  of  Jtadiolaria  are  grouped  together  st  the 
preset  day  various,  mostly  microscopic.  Protozoans  which 
typically  possess  a  mliceous  skeleton,  the  parts  of  which  are  often 
more  or  less  radiate,  the  sarcode  of  the  body  beiiy  differtntiated 
into  a  cerUral  mass,  surrounded  by  a  membranous  capsule,  and 
an  outer  layer  uaually  cwttaining  cell  -  like  bodies,  while  the 
pseudopodia  are  long,  filamentous,  and  ray  -  like  {fig.  30). 
Though  the  typical  Hadiolariaiis  are  distinguished  by  the 
above-mentioned  characters,  some  of  the  forms  which  must 
be  included  here  are  devoid  of  certain  of  these  features. 
Thus  the  so-called  Seliozoa  have  no  central  capsule,  and 
only  occasionally  possess  skeletal  structures.  In  other  cases, 
though  the  general  type  of  the  group  is  retained,  the  skeleton 
is  wholly  wanting,  while  the  nature  of  the  skeleton  when 
present  varies  greatly.  From  the  last-mentioned  point  of 
^-iew,  the  Sadiolarians  are  divided  into  four  groups.  In  the 
first  of  these  there  is  no  skeleton  at  aU ;  we  have  therefore 
nothing  to  do  with  these  as  fossils.  In  the  second  group 
are  forms  in  which  there  is  a  skeleton,  but  this  consists 
merely  of  scattered  spicules,  which  lie  wholly  outside  the 
central  capsule  of  the  body ;  and  Uiese  also  are  unknown  as 
fossils.  In  the  third  group  are  forms  with  a  skeleton  of 
radial  spicules,  but  these  are  now  disposed  as  a  symmetrical 
VOL.  I.  1 
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whole,  and  lie  partly  inside  the  central  capsule  as  well  as 
outside  it.  In  this  group  are  forms  like  Acanihomeira  (fig, 
30,  a) ;  but  though  capable  of  preservation,  these  forms,  like 


the  preceding,  do  not  occur  in  the  fossil  state.  Lastly,  we 
have  a  group  in  which  there  is  a  siliceous,  fenestrated  or 
perforated,  coherent  shell  or  "  test,"  which  is  usually  fur- 
nished with  projecting  spines.  In  thia  group  are  the  micro- 
scopic marine  organisms,  well  known  for  their  beautiful 
glassy  skeletons,  to  which  the  name  of  Pdycystina  was  given 
by  Ehrenberg. 

Many  forms  of  the  Polycystina  have  been  preserved  in  the 
fossil  condition,  and  the  distribution  of  the  Kadidaria  in 
time,  80  far  as  known,  is  thus  identical  with  that  of  this 
particular  section  of  the  order.  The  earliest  ^  undoubted 
remains  of  Pdycystina  occur  in  the  Jurassic  series,  and 
several  well-marked  types  have  been  detected  in  the  Chalk. 
All  the  remaining  fossil  Polycystijia  are  referable  to  the  Tertiary 
period ;  and  the  two  most  famous  localities  in  which  they 
occur  are  Barbadoes  and  the  Nicobar  Islands.  In  the  former 
island,  in  particular,  is  found  a  great  deposit  of  sandstone  and 
marls,  which  rises  to  heights  of  over  1000  feet  above  the 
sea-level,  and  which  is  fundamentally  composed  of  the  sili- 
ceous skeletons  of  Polycystina   (fig.    7).       The   "Barbadoes 

*  Some  forms  ot  JMyeyilina  bare  been  indtcnted  as  occamng  in  the  Trias. 
Some  CarboDiferoDS  fossile  hare  also  been  referred  to  thia  order,  hat  these 
■apposed  ancient  Radiolariaiia  appear  to  be  really  of  a  v^tftUe  natnre. 
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earth,"  as  this  deposit  is  generally  called,  is  thas  a  Tertiary 
repreaeotativs  of  the  "  Badiolarian  ooze,"  which  has  been 
ebowD  by  Sir  Wyville  Thomson  to  cover  large  areas  of  the 
ocean-bed,  up  to  the  enormous  depth  of  4500  fathoms,  and 
which  is  likewise  principally  made  up  of  the  shells  of  Poly- 
cystines.  As  is  the  case,  however,  with  the  Globigerinw,  the 
Polycystines  are  principally  surface -forms,  inhabitii^  the 
open  ocean,  so  that  a  deposit  formed  of  tbeir  shells  can  in 
no  way  be  regarded  as  indicating  necessarily  the  depth  of 
the  sea  in  which  it  was  laid  down. 

There  are  many  known  recent  types  of  Pdycystiiia  which 
have  not  yet  been  detected  in  a  fossil  state ;  and  the  prin- 
cipal fossil  forms  are  the  following :    One  of  the   simplest, 


Fig.  31.— Typefof  PolycyBtins.  n,  Potfocyrtu  SAomlmTski :  fc,  DiiiyDiBlIra  Mon^fiiri;  c, 
AdhnwH  diclpAcu;  d,  DtdyoiAa  JVeHowiuH.-  (,  EmyTtidi-nm  ttifiuit;  S,  LrrAxAnniuin 
iHorna.  d  La  living,  uul  ii  nftBT  Hmkel ;  Uw  remilnlng  in  TctUitj',  and  in  ifUr  Ebren- 
berg.    All  the  BguriB  in  gniUr  enlarged. 

and  it  is  also  the  most  ancient,  of  the  fossil  types  is  Cano- 
tphuera  (sometimes  referred  to  the  ThalassicoUida),  wliieh  is 
found  in  the  Jurassic  and  Cretaceous,  and  has  survived  to 
the  present  day.  Of  the  typical  Polycystines,  Haiiomina 
(fig.  31,  c),  Htliodixut,  Aetinomma  (fig.  30,  V),  and  Didyvw- 
eyrtii,  represent  those  forms  in  which  the  skeleton  consists  of 
two,  three,  or  more  porous  spherical  shells,  included  concen- 
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trically  within  one  another,  the  smaller  within  the  larger, 
and  united  by  radial  bars.  Most  of  the  fossil  fonns,  how- 
ever, belong  to  the  type  in  which  the  shells  are  in  the  shape 
of  a  porous  siliceous  trellis-work,  vhich  may  be  quite  un- 
divided, or  is  partially  marked  off  into  two  or  more  compart- 
ments by  longitudinal  or  transverse  constrictions.  The  two 
poles  of  the  shell  are  quite  unlike  one  another,  and  the 
central  membranous  capsule  of  the  living  animal  is  enclosed 
within  the  closed  apical  pole.  As  examplea  of  this  type,  we 
may  select  the  genera  Podocyrtis,  Eucyrtidium,  Lydinocanium, 
and  DidyffirvUra  (see  fig.  31),  all  of  which  are  found  in  the 
Tertiary,  and  the  last  of  which  is  represented  in  the  Chalk. 
In  another  group,  of  which  IXctyocha  (fig.  31,  d)  is  the  type, 
the  skeleton  is  composed  of  insular  bars  of  flint  united  into 
a  loose  network  with  wide  meshes.  This  type  begins  in  the 
Chalk,  and  is  represented  in  the  Tertiary  deposits  and  in 
recent  seas.  Lastly,  we  have  a  group  in  which  the  skeleton 
consists  of  a  flat  or  lenticular  and  biconvex  plate,  which  is 
sometimes  double,  and  has  a  more  or  less  complex  inter- 
nal structure.  Aa  examples  of  this  group,  we  may  select 
AstromviM,  Tremaiod/mus,  Bhopalastrum,  StepkaTiadrum,  and 
Stylodictya,  the  last  of  which  begins  in  the  Chalk,  while  the 
others  are  represented  in  the  Tertiary. 

III.- — Spokgida. 

The  Sponges  may  be  defined  as  RMzopoda  composed  of 
nwnierous  am/Bbiform.  masses  of  sarcode  united  into  a  composite 
mass,  which  is  traversed  by  canals  opening  on  the  mrface,  and 
is  almost  always  supported  by  an  internal  skeleton  or  framework 
of  homy  jSbres  or  of  calcareous  or  siliceous  spicvla. 

The  only  portion  of  tlie  Sponges  with  which  the  palseontol- 
ogist  is  concerned,  is  the  skeleton.  Whatever  the  nature  of 
the  skeleton  may  be,  it  is  so  arranged  that  its  parts  surround 
two  sets  of  apertures  which  open  on  the  surface  of  the  sponge, 
and  which  are  connected  with  one  another  by  a  system  of 
canals  ramifying  in  its  deeper  portions.  Of  the  apertures 
which  penetrate  the  substance  of  the  sponge  in  every  direc- 
tion, one  set  consists  of  large  chimney-like  openings,  which 
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are  caUed  "  oscula,"  or  "  exhalant  apertures."  Tliere  may  be 
only  a  single  osculum,  or  many  may  be  present.  Tbe  other 
set  consists  of  very  much  smaller  openings,  which  are  always 
very  numerous,  and  which  are  termed  the  "  pores,"  or 
"inhalant  aperturea"  The  pores  and  oscula  are  connected 
by  a  system  of  canals  excavated  in  the  substance  of  the 
sponge,  and  a  constant  circulation  of  water  can  be  kept  up 
through  the  whole  mass,  the  former  serving  for  the  incoming 
curreuta,  the  latter  for  the  outgoing. 

The  Sponges  are  by  far  the  largest  of  the  Protozoa,  and,  as 
above  defined,  they  consist  of  a  soft  basis  of  living  proto- 
plasm, which,  with  hardly  an  exception,  is  supported  hy 
certatQ  skeletal  structures,  which  vary  in  composition  and 
arrangement,  and  are  more  or  less  capable  of  being  preserved 
in  a  fossil  condition.  As  the  soft  parts  of  the  Sponges  seem 
to  be  essentially  identical,  and  as  it  is  only  the  supporting 
framework  or  skeleton  which  is  capable  of  undergoing  petri- 
faction, we  may  divide  Sponges  according  to  the  nature  of 
their  hard  parts  into  the  following  three  groups : — 

1.  The  Horny  Sponges  {Keratoda),  in  which  the  skeleton 
is  composed  of  a  substance  allied  to  horn,  and  consists  of 
innumerable  fibres  matted   and 
felted   together,   so  as   to    give 
rise  to  a  very  variably-shaped 
mass.     The  fibres  may  be  solid 
or  hollow,  and  the  skeleton  may 
consist  wholly  of  these,  or  may 
be    more    or    less    extensively 
strengthened  by  means  of  vari- 
ously-shaped microscopic   spic- 
ules  of   flint    {fig,    32).       The 
homy    framework    of    Sponges 
such   as   these  is  obviously  in- 
capable of  preservation  in  the 
fossil  condition  ;  unless  we  sup-   i 
pose  (what  has  not  been  proved   wt'a^^'""*  ""*"'""*  """^ '"'™ 
to  occur)  that   it  may  be  re- 
placed, during  the  process  of  petrifaction,  by  flint  or  car- 
bonate of  lime ;  while  the  spicules  which  are  often  present. 


./CAKigle 


134  PEOTOZOA. 

though  doubtless  capable  of  preservation,  and  though  prob- 
ably often  really  present  in  the  rocks,  can  be  with  difficulty 
detected,  from  their  minute  size,  and  can  hardly  be  aaid  to 
be  known  wUh  certainty  except  in  the  Secondary  and  Ter- 
tiary deposits.  Many  fossil  Sponges  have,  it  is  true,  been 
referred  by  different  observers  to  the  section  of  the  Homy 
Sponges,  but  it  is  now  certain  that  most  of  these  are  certainly 
truly  Siliceous  Sponges,  while  the  others  are  equally  referable 
to  other  groups. 

An  exception  to  the  above  statement  must  be  made  in 
favour  of  the  aberrant  group  of  living  Sponges  known  as 
the  Clionidm.  In  all  formations,  from  the  Lower  Silurian 
onwards,  we  meet  with  shells  and  corals  mined  with  winding 
tunnels  or  borings,  which  have  a  circular  cross-section.  These 
tunnels  are  usually  regarded  as  being  the  work  of  Spoi^es 
belonging  to  the  living  genus  Cliona  {Vioa),  or  to  forms 
closely  allied  to  this ;  and  in  many  instances  this  reference  is 
doubtless  correct.  It  must  not  be  forgotten,  however,  that 
it  is  very  difficult,  or  impossible,  to  distingiiish,  in  the  case 
of  fossils,  between  the  borings  made  by  Sponges  and  those 
produced  by  Annelides  or  by  carnivorous  Gasteropods.  Gei- 
nitz  has  also  described  from  the  Permian  rocks  a  sponge  to 
which  he  gives  the  name  of  SpoTi^illopsU,  and  which  he 
regards  as  being  most  nearly  allied  to  the  living  fresh-water 
sponges  {Spongilla).  Lastly,  we  meet  with  the  remains  of 
Sponges,  as  yet  undescribed,  in  the  Lower  Silurian  rocks  of 
Britain,  which  show  some  indications  of  having  been  origin- 
ally homy.  Of  this  nature,  perhaps,  is  the  cup-shaped  Proto- 
spmtgia  of  Salter ;  but  the  minute  structure  of  this  old  type 
is  still  very  imperfectly  known. 

2.  The  Calcareous  Sponges  (Cald^x/n^ia:). — The  Sponges 
included  in  this  group  are  invariably  furnished  with  a  cal- 
careous skeleton,  which,  in  all  the  living  species,  is  composed 
of  spicula  of  lime,  usually  fusiform  or  triradiate  in  shape,  and 
always  entirely  free  and  independent  of  each  other.  No 
living  member  of  the  CaldspongicE,  then,  is  possessed  of  a 
continuous  skeleton,  and  the  calcareous  spicules  which  con- 
stitute the  sole  skeletal  elements  are  microscopic  in  their 
dimensions;  so  we  might  have  anticipated  beforehand  that 
we  should  find  few  representatives  of  this  group  of  Sponges 
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in  past  time.  Of  the  fossil  forme,  indeed,  hardly  any  can 
be  said  to  be  true  CaleispoTigia,  if  we  restrict  this  name  to 
Sponges  with  a  skeleton  composed  of  free  calcareous  spimUa ; 
and  some  doubt  attaches  to  even  the  very  few  forms  which 
one  might  be  disposed  to  place  here.  Two  ancient  genera — 
viz.,  Astneospongia  and  Ainphispongia — may,  however,  be  more 
specially  mentioned,  as  being,  perhaps,  ancestral  types  of  the 
modem  Calci^xmgim.     In  Astneoy>onffia  (fig.  33,  a),  we  have 


Fig.  U.— a,  8td«- 


a  cup-shaped  or  discoid  sponge,  found  in  the  Upper  Silurian 
and  Devonian,  and  composed  of  irregularly  disposed,  free,  six- 
"  rayed,  calcareous  spicula,  without  any  definite  canal-system. 
The  rays  of  the  spicules  are  all  in  one  plane,  and  their  size 
is  much  greater  than  that  of  the  spicules  of  any  living 
member  of  the  GaleispongicE,  but  there  is  no  sufficient  reason 
for  regarding  them  as  having  been  anything  but  calcareous 
to  begin  with,  since  they  occur  in  beds  in  which  the  other 
fossils  have  undergone  no  change. 

The  genus  Amphispongia  (fig,  33,  c)  is  another  curious 
type,  which  approximates  to  the  living  CalcisponguB  more 
closely  than  the  preceding.  It  is  only  known  from  certain 
soft  sandstones,  of  Upper  Silurian  age,  in  the  Fentland  Hills, 
near  Edinburgh  ;  and,  like  almost  all  the  other  fossils  in  the 
same  beds,  its  original  calcareous  skeleton  has  been  dissolved 
away,  but  we  are  not  thereby  justified  in  concluding  that  its 
hard  parts  were  primitively  composed  of  anything  but  lime. 
The  general  form  of  this  sponge  is  that  of  a  somewhat  clavate 
mass,  between  one  and  two  inches  long,  and,  owing  to  its 
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peculiar  state  of  pteservation,  the  spicules  ■which  formed  the 
original  skeleton  are  now  only  represented  by  vacant  spaces 
or  cavities,  while  the  actual  canals  and  intervals  between 
these  are  filled  with  the  sandy  matrix  of  the  rock.  The 
lower  part  of  the  sponge  (fig.  33,  c)  consists  of  a  series  of 
radiating  canals,  separated  by  a  series  of  calcareous  bars  or 
bundles  of  spicules,  the  former  now  filled  with  the  surround- 
ing matrix,  while  the  latter,  being  dissolved  out,  are  repre- 
sented by  hollow  tubes.  The  upper  part  of  the  sponge,  on 
the  other  hand,  is  composed  of  a  matted  mass  of  small  spicules, 
now  represented  only  by  cavities  (fig.  33,  d).  These  spicules 
are  80  closely  fitted  together  that  their  form  is  very  difficult 
to  make  out ;  but,  according  to  the  apparently  correct  obaerva- 
tions  of  Salter,  they  are  composed  of  three  rays,  two  of  which 
lie  in  the  same  plane  and  form  a  continuous  line,  while  the 
third  springs  frem  the  point  of  junction  of  the  other  two,  and 
is  directed  at  right  angles  to  them.  In  the  opinion  of  Salter 
and  Bowerbank,  Aviphisporiffia  is  closely  allied  to  the  living 
,  genus  GTaniia,  and,  under  any  circumstances,  there  can  be  little 
doubt  as  to  its  being  truly  an  ancient  type  of  the  Calcispongias. 
While  all  the  living  Caldspoiujice  possess  a  skeleton  com- 
posed of  disconnected  spicules,  there  is  no  d  priori  reason  why 
we  should  not  meet  with  fossil  forms  of  an  essentially  similar 
nature,  but  having  a  cmUinttom  or  vermictUate  skeleton,  com- 
posed of  calcareous  spicules  primitively  free,  but  ultimately 
anchylosed  so  as  to  form  a  single  and  connected  framework. 
Many  fossil  sponges  have  been  supposed  to  belong  to  tliia 
now  unrepresented  category  of  CalcispoTu/ia;  with  a  continuous 
skeleton,  hut  most  of  them  (including  most  of  the  forms  for- 
merly known  as  Petro3pongiad<^)  have  been  shown  by  recent 
microscopic  researches  to  be  truly  siliceous  sponges.^  There 
still  remain,  however,  some  fossils  which  were  beyond  all 
question  calcareous  to  begin  with,  and  which  cannot,  with 
our  present  knowledge,  he  assigned  to  a  definite  place  in  the 
zoological  series,  unless  we  r^ard  them,  provisionally  at  any 

'  Since  the  ftbore  w>i  written,  Zittel  baa  published  a  memoir  in  which  he 
refen  m  Urge  niunber  of  Triasaic,  Jaraiaic,  and  Crelaceons  Sponges  to  ■  epecial 
j^np  of  CaliMpoiigiii  in  which  the  skeletan  ia  fibroaa  and  continnona,  iustead 
of  being  compoaed  of  aepante  apicales.  The  principal  typea  referred  to  this 
groap  are  the  genera  Feronctla  and  CoryntUa,  The  appareotly  fibrona  akele- 
ton  of  theae  (onnt  ia  stated  to  be  really  compoaed  of  spicaht. 
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rate,  as  a  group  of  Calcareous  Sponges  with  a  continuous 
skeleton — thus  giving  us  a  link  between  Uie  Spmt^ida  and  the 
F&ramini/era.  Of  the  fossils  referred  to,  we  need  only  speak 
more  particularly  here  of  the  abundant  PalEeozoic  forms  which 
have  usually  been  grouped  together  by  palEeoutologists  under 
the  name  of  SlroTnalopora,  and  of  the  singular  forms  com- 
posing the  genus  Arckceocyaihus.  The  genus  Stromatfqxyra — 
using  this  term  in  a  purely  general  sense — comprises  a  great 
number  of  Silurian  and  Devonian  (possibly  also  Carboniferous) 
fossils,  which  form  hemispherical,  globular,  or  irregular  masses, 
varying  from  an  inch  or  less  up  to  many  feet  in  diameter, 
and  which  are  always  composed  essentially  of  closely  ap- 
proximated calcareous  lamina  (fig,  34)  arranged  concentri- 
cally round  one  or  more  centres,  and  often   demonstrably 


Flg.^ 


attached  to  foreign  bodies.  Sometimes  they  form  thinner 
or  thicker  crusts,  growing  parasitieally  on  shells  or  corals, 
or  spreading  out  as  horizontal  expansions.  The  concentric 
laminie,  which  are  the  essential  feature  of  this  group  of  fossils 
(and  which  strongly  call  to  mind  the  appearance  of  masses 
of  Eozoon),  are  separated  by  wider  or  narrower  interspaces, 
which  are  more  or  less  completely  subdivided  by  vertical 
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pillars  or  imperfect  partitions  (fig.  35).  "We  might  readily 
be  disposed  to  regard  these  singular  forms  as  aberrant  and 
g^antic  Foraminifera,  but  in  no  ease  has  it  been  satisfac- 
torily proved   that  the  calcareous   walls   of   the   fossil   are 


FEk.  S5  — o.  Fragment  or  Stmnatfrp^a  granuhifti  (DeTonIaii),  of  tiia  Ditural  dze,  ihawlng 
tilt  upiwr  aurfxv,  with  >t«ll£le  irater^uiala ;  b.  Verticil  transpunDt  Krlion  oT  tbe  ume. 
iiuRnlfled ;  c.  HariioDlAl  tranipimnt  section  of  tta«  urns  snlsiged  itUl  further :  d,  Vertlral 
aectioD  or  AJiothflr  Strom&lopotold  [ClaAndU^iftn  cetiiUotum),  enlu^od.  In  flgs.  b  uid  c  the 
BheletoD  is  darli,  iDdthH  light  ep&c«  repnaent  tnnaptinnt  calclta;  but  in  flg.  d  tbe  Uttir 
npresent  an  [nailing  or  silica.    (Oiigiiial.) 

penetrated  by  microscopic  tubuli.  Tlie  spaces  between  the 
successive  laminse  are,  however,  placed  in  conmnmication  by 
means  of  a  more  or  less  largely  developed  series  of  pores, 
and  we  can  hardly  avoid  the  conclusion  that  the  entire  fossil 
in  its  living  condition  was  permeated  by  continuous  aar- 
code ;  so  that  we  must  regard  it  as  referable  to  the  sub- 
kingdom  of  the  Protozoa.  The  mass  of  the  fossil  ia  also 
often  penetrated  by  larger  or  smaller  canals,  which  can 
hardly  have  served  any  other  purpose  thau  that  of  con- 
veying water  to  different  parts  of  the  organism  (fig.  36,  a),  and 
which  may  fairly  be  compared  with  the  "  aquiferous  canals  " 
(jf  the  Spongea.  The  surface  of  the  mass,  also,  often  exhibits 
conical  elevations,  or  papillffi,  which  are  perforated  at  their 
summits  by  the  apertures  of  water-canals,  and  from  which 
there  radiate  branched  and  vermiculate  grooves,  these  char- 
acters strongly  reminding  us  of  some  of  the  living  Sponges 
(see  fig.  35).     It  should  be  added  that  many  paleontologists 
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&re  disposed  to  take  a  different  view  of  the  affinities  of  the 
"  Stromatoporoids,"  and  to  place  them  among  the  Hydroxoa, 
in  the  sub-class  of  the  "  Hydrocorallines."  This  view  seems 
to  be  baaed  principally  upon  the  curious  Devonian  genus 
Caunopora,  which  differs  from  Stromatopora  proper  in  many 
important  respects,  and  the  structure  of  which- — -in  spite  of 
many  able  researches — has  still   to   be   fully  worked   out. 


Fig.  SS.-a,  Part  of  thg  under  Hortu; 

if  <r«t«r-ciiBiaB,  of  «16  nihinl 

PP^r  8urf«^.  of  the  HDie,  *iikr(red ;  < 

r.  Verticid  wction  of  m  fngme 

li»lnler™l.tniett.re.    ComUtreo.  Ll<i 

neetone.  Cuwdt    (OrigiMl.) 

Upon  the  whole,  therefore,  we  must  at  present  regard  the 
position  of  SlroTnatopora  and  its  allies  as  uncertain. 

In  the  genus  ATchaoeyaihus  (fig.  37),  we  have  a  group  of 
singular  fossils  which  have  been  described  by  Mr  Billings 
from  the  summit  of  the  Cambrian  and  the  base  of  the  Lower 
Silurian  (I'ot^dam  Sandstone  and  Calciferous  Sand-rock),  in 
North  America,  and  have  been  subsequently  investigated  by 
Principal  Dawson.  The  general  form  of  the  fossils  herein 
included  is  that  of  a  hollow  cone  or  hollow  cylinder,  enclos- 
ing a  laiwe  cup  -  shaped  cavity,  and  tapering  towards  one 
extremity,  which  was  presumably  fixed  to  some  foreign  body. 
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Specimens  appear  to  have  reached  a  very  lai^  size,  a  length 
of  two  or  three  feet  and  a  diameter  of  three  or  four  inches 
being  sometimes  attained.     The  sponge  consista  of  an  outer 
wall,  usually  perforated  with  numerous  small  irregular  aper- 
tures, and   a   thin   inner  wall  pierced  with  many  openings 
(fig.  37,  a).     The  space  between  the  ooter  and  inner  wall 
is  subdivided  by  a  number  of  vertical  radiating  partitions, 
thus  simulating  the  structure 
of  one  of  the  septate  corals. 
The  genus,  however,  is  cer- 
tainly  not   a   coral,  and   we 
have  the  curious   feature   of 
the   occurrence   of  numerous 
branching,  cylindrical,  or  fusi- 
form siliceous  spicula  within 
the  substance  of  the  organism. 
In  the  same  geological  hori- 
zon, and  also  in  higher  strata, 
occurs  the    somewhat    allied 
genus    Calathium,    in    which 
the  skeleton  also  assumed  a 
,— Beiioration  of  tbe  lower  put  ..f    turbinate    form.       According 
.  VrterBmtHgt")"    'to   Dawson,   the  vertical   la- 
minae or  septa  in  the  upper 
portion  of  the  cup  of  Arckmocyathiia  are  not  only  perforated 
by   numerous   round    apertures — thus    allowing    contiguous 
chambers   to   communicate    freely   with   one   another, — but 
they  are  themselves  traversed  by  branching  delicate  canals 
running  in  their  substance ;    and   he  regards   the  genus  as 
in  some  respects  allied  to  Eozoon.    Lastly,  it  is  possible  that, 
in  the  Carboniferous  genus  Palwacia,  often   referred  to  the 
Perforate   Corals,  we  have  in  reality  a  type   of  calcareous 
Sponges,  with  a  vermiculate  skeleton. 

3.  The  Siliceous  Sponges  {Silicispo7U)i<B).  —  In  this 
group  are  included  those  Sponges  in  which  the  skeleton  is 
made  up  of  siliceous  spicula  or  fibres.  The  skeleton  may  be 
a  discontinuous  or  continuous  one,  and  in  the  living  forms 
the  sarcode  contains  free  siliceous  spicules  of  microscopic 
size  and  very  variable  form.     These  "  flesh-spicules,"  though 
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often  met  ■with  in  the  rocks,  are  of  comparatively  little  use  to 
the  palceontologist  so  far  as  enabling  him  to  classify  the  fossil 
forms  is  concerned,  since  it  is  rarely  possible  to  refer  them 
to  the  Sponge  to  which  they  origintJly  belonged.  They  are, 
however,  of  great  use  in  the  determination  of  the  living 
types.  The  spicules  of  the  true  skeleton,  on  the  other  hand, 
are  usually  united  to  one  another  by  a  sort  of  articulation,  or 
become  cemented  together  by  a  deposit  of  glassy  silica ;  so 
that  the  skeleton  forms  a  more  or  less  continuous  framework, 
admirably  adapted  for  preservation  in  a  fossil  condition. 

Until  of  late  years  very  little  was  known,  with  any  pre- 
cision, as  to  the  structure,  affinities,  or  real  nature  of  a  great 
many  fossil  Sponges,  which  are  now  recognised  as  belonging 
to  the  group  at  present  under  consideration.  This  arose  partly 
from  the  fact  that  the  value  of  the  microscope  in  palceon- 
tology  had  not  been  recognised,  and  partly  from  ijie  fact 
that  the  structure  of  the  living  types  has  only  recently  been 
at  all  fully  understood ;  while  the  state  of  preservation  in 
which  these  fossils  often  occur  was  such  as  almost  inevitably 
to  lead  to  misconceptions  as  to  their  nature,  and  to  give  rise  to 
difKculties  which  are  even  yet  not  fully  cleared  up.  It  was 
known,  namely,  that  Sponges  with  a  siliceous  skeleton  were  of 
common  occurrence  in  various  formations,  and  especially  in 
the  Jurassic  and  Cretaceous  rocks ;  but  it  was  generally  sup- 
posed that  in  these  cases  the  skeleton  had  been  originally 
composed  of  lime  or  of  horn,  which  had  in  the  process  of 
foasilisatioD  been  dissolved  away  and  replaced  by  flint.  These 
Sponges,  in  fact,  were  supposed  to  have  undei^one  sUicification 
— a  change  to  which  we  know  that  fossils  are  very  often  sub- 
jected. In  the  face  of  the  now  recognised  fact  that  the 
minute  structure  of  these  fossil  fonns  agrees  perfectly  with 
that  of  living  siliceous  Sponges,  and  differs  wholly  from  that 
of  any  living  types  of  calcareous  or  homy  Sponges,  we  can- 
not doubt  that  their  skeleton  was  primarily  composed  of 
flint.  We  are  thus  compelled  to  believe  tliat  in  many 
instances  the  original  siliceous  skeleton  has  been  more  or 
less  completely  dissolved  away,  the  space  which  it  originally 
occupied  in  the  rock  being  left  permanently  vacant,  or  being 
simultaneously  or  subsequently  filled  up  with  peroxide  of  iron. 
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or  with  crystalline  carbonate  of  lime.  Though  this  diasolutioB 
of  a  flinty  skeleton,  with  or  without  replacement  by  lime,  is 
at  variance  with  all  preconceived  ideaa  on  this  subject,  and 
though  it  is  very  difficult  to  give  any  adequate  or  satisfactory 
explanation  of  the  way  in  which  it  is  effected,  the  researches 
of  Prof.  Zittel  and  Mr  SoUas  hardly  allow  ua  to  doubt  its 
actual  occurrence  in  nature.  It  is  impossible  here  to  pursue 
this  intricate  and  still  controverted  subject  further ;  but  it 
may  be  pointed  out  that  in  this  dissolution  of  the  skeletons 
of  siliceous  Sponges  (and  of  other  flinty  organisms)  by  waters 
percolating  through  sediments  in  course  of  formation,  we  find 
a  sufficient  source  for  supplying  the  amorphous  and  gelat- 
inous silica  of  the  chalk-flints.  A  similar  origin  may  with 
all  probability  be  ascribed  to  at  least  some  of  the  chert- 
nodules  so  common  in  many  formations. 

As  r^ards  the  clasd/icaium  of  the  Siliceous  Sponges,  natu- 
ralists now  universally  accept  the  division  of  the  group  into 
the  two  primary  sections  of  the  Hexactinellida  and  Ziikistidte, 
first  proposed  by  Oscar  Schmidt,  and  subsequently  very 
variously  subdivided  by  different  authorities.  It  is  not 
necessary  to  consider  the  minor  subdivisions  here,  but  we 
may  define  the  two  primary  sections  above  named,  and 
glance  at  some  of  the  leading  types  of  each,  taking  these 
in  geological  rather  than  zoological  order. 

(A)  Section  ifeasodtneWMte. ^-Siliceous  Sponges,  the  fun- 
damental elements  in  the  skeleton  of  which  are  six-raped 
spicules,  the  rays  of  wkich  are  almost  invarioMy  at  right 
angles  to  each  other.  In  the  centre  of  each  spicule  is  an 
axial  canal,  consisting  of  three  tubes  cutting  each  other  at 
right  angles.  The  spicules  may  be  only  united  by  sarcode, 
or  they  may  be  fused  together  by  amorphous  silica,  in  either 
case  being  so  disposed  as  to  form  a  trellis-work  (fig.  38,  b) 
with  rectangular  or  polyhedral  meshes.  Besides  the  true 
"  skeleton-spicules,"  the  sarcode  contains  (in  the  living  forms 
at  any  rate)  numerous  detached  "  flesh-apicules,"  which  are 
also  fundamentally  six-armed,  but  which  give  off  secondary 
branches,  so  as  to  form  a  "  rosette." 

Until  of  late  years,  even  the  living  HexactineUidcB  were 
very  little  known,  the  most  familiar  example  of  the  group 
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being  the  beautiful  Venus's  Flower-basket  (Euplectella).  Now 
we  not  only  know  of  a  long  series  of  living  Sponges  with  a 
flinty  BkeletoD  built  upon  the  plan  above  defined,  but  we 


f\g.  38.— A,  Bldi-iieir  at  i  ipKlnicD  ot  C«IoplvdUHii  SotaiM,  of  tha  nttunil  aUe,  from 
the  Cnuceona  fbnutloii :  >,  Faction  or  tin  hemdlite  akelsteii  ot  tb«  ume,  enlUKed  tb 
tima.    (An«r2ttlel.) 

know  that  the  group  enjoyed  &  great  doTelopment  in  past 
time,  and  that  it  can  be  traced  back  to  the  Silurian  period. 
All  the  recent  Hexactinellidee  are  inhabitants  of  the  more 
profound  depths  of  the  ocean,  and  are  in  do  ease  strictly 
shallow-water  forms.    It  ia  probable,  therefore,  that  the  fossil 


./Google 


144  PaOTOZOA. 

forms  indicate  that  the  deposits  in  which  they  occur  were 

laid  down  in  a  considerable  depth  of  water. 

Of  the  Silurian  Sponges,  the  only  forma  which  have  been 

definitely  shown  to  be  Hexactinellids  are  AstyloBpon^ia  (fig. 

39),  FalmrmaTion,  and  ProtacMUeum.  In  the  first  of  Uiese, 
we  have  small,  more  or  less 
globular,  unattached  sponges, 
furnished  with  a  cup-shaped  or 
funnel-shaped  depression  at  the 
summit.  The  aquiferous  canals 
are  partly  radial  and  directed 
from  the  surface  towards  the 
centre,  and  partly  radial  but 
vertically  disposed  parallel  to 
the  surface,  so  as  to  open  in 
the  summit-cup.  The  skeleton 
pig.  39.  -  Section  of  ^jiirioiponirfa    cousists   of  bexiadiato   spicules, 

fr-nwrra,  1  alllcMiiu  SflurUn  Hponse.  f, 

(After  Boemu.)  which  are  soldered   together  so 

as  to  form  a  continuous  net- 
work, the  points  of  intersection  of  the  component  rays  of 
each  spicule  (the  so-called  "  crossing-nodes " )  being  solid, 
Falteomanon  is  basin-sbaped,  and  with  larger  lateral  canals, 
but  it  is  hardly  generically  separable  from  Adylospongia, 
and  both  occur  in  the  Upper  Silurian,  the  latter  being  also 
found  in  the  Lower  Silurian.  In  Protachilletivt,  the  sponge- 
body  is  mushroom-shaped  and  stalked,  and  there  is  uo  sum- 
mit-cavity. 

Very  little,  indeed,  is  as  yet  known  as  to  Devonian  Hexac- 
tineUids — the  supposed  Devonian  Sponge  described  by  McCoy 
under  the  name  of  Steganodictyum  having  been  shown  to  be 
really  the  buckler  of  a  Pteraspidian  fish.  Our  knowledge  of 
the  Carboniferous  representatives  of  this  group  is  also  singu- 
larly defective ;  but  we  have  the  extremely  interestiug  fact 
that  the  deposits  of  this  age  contain,  in  no  inconsiderable 
numbers,  the  remains  of  ancient  members  of  the  now 
living  genus  Hyalonema.  In  this  genus,  comprising  the  so- 
called  "  Glass-rope  Zoophytes,"  there  is  a  comparatively  small 
sponge-body,  rooted  to  the  mud  of  the  sea-bottom  by  a  longer 
or  shorter  rope  of  delicate  siliceous  fibres.     In  addition  to 
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this  skein  of  "  anchoring  fibres,"  there  are  branched  spicules, 
which  are  four-armed  or  five-armed  in  the  recent  forms,  but 
some  of  which  in  the  fossil  forms  are  hexradiate.  A  Car- 
boniferous species  has  been  described  as  HyaUmema  SviUhii ; 
and  its  "  rope  "  was  long  known  to  palaeontologists  under 
McCoy's  title  of  Serpida  paraUela,  being  supposed  to  be 
formed  of  the  parallel  tubes  of  one  of  the  Tubicolous 
Annelidea,  Tlie  root-fibres  of  Hyaloitcma  SmUkii  are  of 
large  size,  with  a  minute  central  canal,  and  terminating 
in  anchoring  booklets,  their  sides  being  smooth.  Silurian 
species  of  Hycdoneina,  still  undescribed,  are  also  known  to 
occur. 

Nothing  is  at  present  known  of  Permian  Hexactinellids 
(unless  we  refer  here  the  imperfectly  examined  Bothroamis 


Fig.  40.— Portion  of  lbs  ikeleton  (rf  TVniadfd|*m  nttailaiiiiit,  (nlirged  SO  diinetcn,  rmm 
tlie  Jnniglc  (ifUr  ZittdX  Tbe  origtii'l  irlcnlH  m  soldsnd  Into  i  conUnnoiu  tirllla-wnric 
by  a  cntiiig  of  lUlia ;  bnt  Itieir  podtlm  wiil  htmdlatfl  ronn  li  ataown  h;  tliclr  uUl  cuuli. 
Tba  "  CTOolng-noda,"  or  poInU  of  Lnteiwetlon  of  the  uini  of  etcb  iiiicula,  tn  mlid. 

of  King).  No  members  of  the  group,  also,  have  been 
hitherto  detected  in  the  Trias,  and  they  are  scarce  or 
wanting  in  the  lower  portion  of  the  Jurassic  series.  In 
the  Upper  Jurassic,  however,  we  meet  with  a  great  number 
of  Hexftctinellid  Sponges.  Of  these,  Craiicularia,  Verru- 
eoccelia,  Tremadictyon  (fig.  40),  Spofadopyle,  and  %>henaulax, 
possess  a  skdeton  built  upon  the  same  type  as  the  living 
VOL.  I.  K 
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Eurete  and  Farrea  ;  Packyteichvima  aud  Trochdboltts  are  early 
forma  of  the  great  fauiily  of  tlie  VentriculUidw;  Cypellia, 
Staiirodf.j'ma,  and  otliera  represent  the  extinct  family  of  the 
StaurodermidoE ;  and  Stauradindla  belongs  to  the  group  of 
HexactinelUds  in  wliicli  the  skeleton-spicules  are  only  united 
by  sarcode,  so  that  titey  do  not  form  a  contiiiuoua  network. 

In  the  Cretaceous  deposits,  and  especially  in  the  Chalk 
itself,  the  Hexactinellids   are   \ery  largely  and  abundantly 
represented.     Of  the  family  of  the  EwdidtB  we  have  now 
few    forms  (Cratkularui,    Vcrrucoaelia,  &c.) ;  but  the  great 
family  of  the  Ventriculifidw  (employing  this  term  here  in  a 
general   sense   for   the   groups   allied   to  the    Ventrmditid^f 
proper)  undergoes  a  marvellons  expansion.      The  shape  of 
the   sponge -body   in   this   family   is   very   variable,  but  is 
usually  more  or   less  cup-shaped, 
infundibuliform,  or  cylindrical,  the 
wall  being  often  folded  (fig.  41). 
The  spicules  of  the  skeleton   are 
always   united   into   a  continuous 
lattice-work,  and  their  "  crossing- 
nodes  "   are   not   solid.       On    the 
other    hand,    the    point   of  inter- 
section of  the  arms  of  each  he.x- 
radiate    spicule     forms    an    open 
octahedron,  in  the  centre  of  which 
the  central  canals  of  tlie  six  rays 
form  a  delicate  axial  cross.     The 
boundaries    of   the   central    apace 
are    formed     by    twelve    oblique 
uniting   Iwams,   the    whole    form- 
ing an  elegant  octahedron,  which 
is  known  as   the   "  lantern "   (see 
^'"'wiirJcMCBri't.'t"'''"'        fis-    ^8,    B).       The   most   import- 
ant    of     the     Cretaceous     genera 
of  tUe    Veidriculiiidtt — using  the  term   in   the   above  wide 
sense — are    Ventricidiles  (fig.   41),  CephalileK,   Ccelopti/chwin, 
CuUodiciyon,   Mavskallia,    Plnirope,  Plocoscypkia,   Ethmdgvt. 
C'avm-oxpofi/fui  (fig.  42),  and  Tirmabolitea.    Very  few  Tertiary 
representatives  of    the    Vmfriciditida'  have   hitherto   been 
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discovered,  but  the  family  survives  in  the  exiating  genus 
Myliwiin.  Of  the  remaining  Cretaceous  Hexactinellids,  we 
may  just  mention  Cosdmpora  (fig.  43),  with  its  cup-shaped 
skeleton   atlixed  to  foreign  bodies  by  ramified   roots.     The 


Fia,  *i— CuKrrmjBHjfo /Hit^yorniii.    CretareoM. 

lattice-work  of  the  skeleton  is  irregular,  and  the  crossing- 
nodes  of  the  spicules  are  partly  solid,  and  partly  furnished 
with  a  "  lantern."     In  the  nearly  allied  Gueltardia  the  wall 
is  deeply  folded  in  a  stellate 
manner,   and    the    crossing- 
nodes  are  solid.     Lastly,  we 
find   in   the   Cretaceous   the 
first  representative  of  the  cu- 
rious modern  genus  Aphro- 
fnllisles. 

In  the  Tertiary  pericd 
comparatively  few  Hexac- 
tinellids make  their  appear- 
,  ance.  doubtless  owing  to  the 
fact  that  so  many  of  the 
formations  of  this  age  are 
shallow -water  deposits.     In 

the  Miocene  of  Oran,  in  North  Africa,  however,  an  abun- 
dance of  Hexactinellids  (Craticv,laria,  Aphrocallides,  Slc.) 
have  been  detected. 

At  the  present  day,  we  find  an  abundance  of  Hexncti- 
nellid  Sponges,  of  which  the  most  striking  forms  are  the  ex- 
clusively recent  Euplectellidce,  in  which  the  skeleton-spicules 
are  cemented  together  into  a  ladder-like  trellis-work,  and 
there  is  a  single  "  osculum  "  provided  with  a  porous  lid. 

(B.)  Section  LiikietidtE.  —  In  this  group  are  comprised 
Siliceous  Sponges  in  which  the  spicules  are  fundamentally 
quftdriradiate,  three  of  the  four  arms  being  so  disposed  as  to 
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come  together  at  an  angle  of  120°,  their  extremities  being 
divided  into  processes  by  means  of  which  contiguous  spicules 
interlock  with  one  another ;  while  the  fourth  arm  lies  in  a 
different  plane  and  forms  a  cylindrical  shaft  from  which  the 
other  three  spring.  The  spicules  are  not  united  by  a  siliceous 
cement ;  but  by  the  interlocking  of  their  ends  the  skeleton 
forms  a  more  or  less  continuous  framework,  tlie  meshes  of 
which  are  more  or  less  irr^ular  and  curvilinear.  In  the 
recent  species  "  flesli -spicules  "  are  also  present. 

The  fossil  LUhidida'^  have  not  yet  been  so  extensively 
worked  out,  as  is  the  case  with  the  fossil  Hexactinellids  ;  but 
they  are  said  by  Zittel  to  be  represented  in  the 
Silurian  {Auloeopiuin,  Calathium  {?),  and  Eo- 
sixmgia.  (?)).     The  same  observer  has  likewise 
indicated   their   abundant   occurrence   in   tlje 
Jurassic  period ;  but  it  is  not  till  we  reach 
tlie  Cretaceous  period  that  we  are  confronted 
with  the  maximum  development  of  this  group. 
Of  the  Cretaceous  Lithistids,  by  far  tlie  most 
important  is  the  familiar  and  widely  distrib- 
uted genus  Siplionia,  the  structure  of  which 
has  been  investigated  by  Mr  Sollas.     In  this 
genus  the  sponge-body  consists  of  a  variably- 
shaped    head,    supported    upon    a    longer    or 
shorter  stem,  and   attached  thereby  to  some 
foreign  body  (fig.  44),  but  the  stem  may  l»e 
wanting,    when   the    sponge    is    attached    by 
diverging  root-fibres.      The   exhalant  water- 
canals   open   at   the   summit  of   the   sponge, 
j»nuf "  cniaceoua    "sually    bv    oscula    Situated    within    a    cup- 
liUitatM  Sponge,      shaped     apical     cavity,   while    the    inhalant 
canals  open  by  "pores"  on  the  lateral  sur- 
faces.     Tlie   skeleton  -  spicules    (fig.  45,  b)  are   furnished 
with    three  diverging    arms,   are    bifurcated,   and   furnished 

'  Since  the  above  win  written,  Frofesaor  ZitMl  has  published  a  detailed 
memoir  on  the  Lilhitidie  (Heuex  Jahrbnch  fUr  Hineralogie,  ftc,  1S7S),  in 
which  tliis  diUlcult  fcroup  is  ay stematicslly  worked  oat.  The  general  lesaltB 
above  stated  are,  however,  not  alTected  by  this,  though  our  knowledge  of  tlie 
fossil  forms  is  immensely  increased. 
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witli  tubercles  and  intervening  depressiona,  by  means  of 
whicb  they  are  interlocked  into  a  rigid  framework.  The 
agreement  in  shape  between  the  skeleton -spiculea  of  Si- 
pkonia,  and  those  of  the  living  Lithistid  genus  Discodermia 
(fig.  45,  a),  is  ao  close,  as  shown  by  Mr  Sollas,  that  it  will 


Fl){.  49.— A,  A  >lngle  >lielEtiHi->plcu]s  of  lbs  lIviDg  LlUilgtld  ZHKakr-oia  pDltrdiama,  ratgni- 
ll«d  ao  dluuet«n ;  ■,  Snull  portion  oT  tha  akdelon  or  Sijihxila  pipijarnid,  ■tinlUity  uilsrged. 
<An«r  BulUa.) 

be  perhaps  with  difficulty  that  the  latter  can  be  retained 
as  generically  distinct  from  the  Cretaceous  type.  Other 
well-known  Cretaceous  Lithistids  belong  to  the  genera  Che- 
nendopora,  Jerea,  Ckondla,  Vermculina,  Astrodadia,  Amphi- 
thelion,  &c.  In  the  Tertiary  period,  lastly,  numerous  Lithistid 
Sponges  have  been  detected,  but  none  of  these  are  sufficiently 
important  to  demand  special  consideration. 
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CHAPTER    IX. 

SUS-KINGBOM  II.—CCELENTERATA. 

Fossil  Hydrozoa. 

The  aub-kingclom  CtelejitereUa  (Frey  and  Leuckhart)  may  be 
considered  as  a  modem  represeQtative  of  the  Radiata  of 
Cuvier.  From  the  Radiata,  however,  the  Echinodermata  and 
Seolecida  have  been  removed  to  form  the  Annuloida,  the  entire 
sub-kingdom  of  the  Protozoa  has  been  taken  away,  and  the 
Pdyzoa  have  been  relegated  to  their  proper  place  amongst 
the  Molhisea.  Deducting  these  groups  from  the  old  Radiata, 
the  residue,  comprising  moat  of  the  animals  commonly  known 
as  Polypes  or  Zoophytes,  remains  to  constitute  the  modem 
CoderUerata. 

The  Cosle7Ueraia  may  be  defined  as  animals  whose  alimentary 
canal  eommiinicates  freely  vnlh  the  general  cavity  of  the  body 
("  somatic  cavity  ").  The  substance  of  the  body  is  made  up  of 
two  fundamenial  membranes — an  miter  layer,  called  the  "  ecto- 
derm" and  an  inner  layer,  or  "  endodenn."  Peculiar  urticating 
organs,  or  "  thread-cells,"  are  usually  present ;  and,  generally 
ipeaking,  a-  radiate  condition  of  the  organs  is  percept'Me,  espe- 
cially in  the  tentacles  vnth  which  most  are  provided.  In  aU 
the  Ccetenterata  distinct  reproductive  organs  have  been  shown 
to  exid. 

The  eub-kii^dom  Cmlenierata  is  divided  into  the  two  great 
classes  of  the  Hydroxoa  and  Adinmoa,  and  the  following 
Cable  indicates  the  characters  and  principal  subdivisions  of 
these: — 
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Table  op  the  Divisions  or  the  Cielexterata. 

Class  A.  HrDROZOA. — The  walla  of  tlie  digestive  sac  not  aeparated 

from  those  of  the  genenLl  body-cnvity,  the  two  coiucidiog  with  one 

another.    Reproductive  organs  in  the  furni  of  external  processes  of  the 

body-wall. 

SuVclaes  I.  Htdroida  (Hydroiil  Zoophytes). 
Oniet  1.  Hydnda.—Ex.  Hydra. 
Order  2.  Gorynida. — Ex.  Tubularia. 
Onler  3,  Thteapfiara. — Ex.  Sertiikria,  Campanuluriu. 
Ottlirr  4,  Thteomeihutt. — Ex.  Stepluiuoscyphun. 
Sub-class  II.  SiPHOsoPHOBA  (Oceanic  Hydrozoa). 
Order  ».  Calycophoridfn.—Ex.  Diphyes. 
Order  6.  Phyaophorida.—Ex.  Physaliii. 
Sub-chiS8  III.  DIBCOPHOHA  (Jelly-lishes). 

Order  7.  Medutida.^Ex.  M^aa. 
Sub-cluss  IV.  Ldcerkarida  (Sea-blul'bers). 
Order    8.  Lucernariada.—Ex.  Lucenisria. 
Order    9,  Ptiagida.—Ex.  Pelugia. 
Older  10.  Rhizoilmnidm.-^Ex.  Rhiiostonia. 
Sitb-clnss  V.  Graptolitid*  (Giuplolites). 
Sub-class  VI,  Hydrocorallina— Ez.  Millepora,  Styla^ter. 
Class   B.    Actinosoa.— Ajiimal  with   u  differentiated  digestive  sac 
opening  below  into  the  body-cavity,  but  separated  from  it  by  an  inter- 
Tening  "  perivisceral  space,"  which  is  divided  into  compartments  by  a 
series  of  radiating  vertical  partitions  or  "  mesenteries,"  to  the  faces  of 
which  the  reproductive  organs  are  nttoched. 

Order  1.  Zoantharia. — Ex.    Sea  •  anemones,    Stor-  corals,    Bniin- 

Ordsr  2.  Aleyotiaria.^Ex.  Sea-pens,  Fan-corala,  Sea-shrub«,  Red- 
coral,  Htliopwa,  Heliolita. 
Orders.  Rvgota.—Ex.  Cyatl.ophyllum. 
Order  4.  Clmopkora.—Ex.  Venus'e  Girdle. 

With  the  exception  of  one  or  two  Graptolites  (Ikjidro- 
graptvs),  vMch  are  known  in  the  Upper  Cambrian,  the 
CaUenteraia  are  first  well  represented  in  the  Lower  Silurian ; 
and  when  we  conaider  tliat  we  find  the  two  great  classes 
thoroughly  dilTerentiated,  and  existing  under  many  and 
varied  types,  at  this  early  period,  we  are  forced  to  conclude 
that  the  first  appearance  of  the  sub-kingdom  must  really 
liave  been  at  a  much  more  ancient  epoch.  The  Ccelenterates 
are  extremely  abundant  and  important  as  fossils,  some  large 
groups  being  wholly  or  largely  unrepresented  at  the  present 
day ;  but  owing  to  the  fact  that  other  large  groups  (auch  as 
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the  Ziuxrfuirida,  the  Oceanic  Hydrozoa,  and  the  Ctmopk&ra) 
are  almost  or  quite  without  hard  parts,  and  therefore  only 
capable  of  preaervation  in  the  fossil  condition  under  very 
exceptional  circumstances,  the  geological  history  of  the  aiih- 
kingdom  is  very  imperfect. 

Fossil  Hvdeozoa. 

Of  the  living  orders  of  Hydroxoa,  the  Fresh-water  Polypes 
{Hyd^-ida)  and  the  Oceanic  Hydrozoa  (Ctdya^korideE  and 
Fhyaopkorida;)  have  left  no  traces  of  their  former  presence, 
as  might  have  been  anticipated  from  their  vant  of  bard 
structurea  The  order  of  the  MeduMdee  and  the  sub-class 
iMcemarida  (Jelly  -  fishes  and  Sea  -  blubbers)  are  equally 
destitute  of  hard  parts,  and  their  absence  from  the  palte- 
ontolt^cal  record  might  have  been  confidently  predicted. 
Curiously  enough,  however,  traces  of  both  groups  have  been 
detected  in  the  fine-grained  lithographic  slates  of  Solenhofeii, 
Pappenheim,  and  Eichstadt.  Of  the  Medusidte,  the  two 
living  families  of  the  ^qaoridce  and  Trachynemidte  have 
been  recognised  by  their  impressions ;  and  an  ancient 
member  of  the  order  Shizottomida;  {RtxarhixUes)  represents 
the  Lucemarida  in  the  same  formation.  With  these  excep- 
tiona,  however,  the  only  living  orders  of  Hydrozoa  which 
have  fossil  representatives  are  the  Con/nida  and  Thecaplwra, 
both  of  which  possess  a  chitinous  or  homy  integumentary 
skeleton.  In  neither  case,  however,  can  the  evidence  he 
said  to  be  wholly  free  from  suspicion,  except  in  the  instance 
of  Hydractinia  and  its  immediate  allies. 

I.  CoKYNiDA  or  TcBDLARiDA  (Pipe -corallines). — Animal 
nmple,  consisting  of  a  eingU  polypite ;  or  compound,  amsistitiff 
of  seDertd  pdypites  united  to  one  another  by  a  common  fiesh  or 
comosarc.  Tiie  comosarc  generally  secretes  a  hard  ekitinmis 
miter  covering  or  " fdypary ;"  but  the  sqxirate  po/ypites  are 
never  protected  by  cupdike  ejpansions  of  the  polypary.  Afl  a 
rule,  the  polypary  extends  only  to  the  bases  of  the  polypites 
(fig.  46,  a)  ;  but  in  one  case  it  is  continued  far  enough  up- 
wards to  include  the  bases  of  the  tentacles  (fig.  46,  b). 
Generally  the  polypary  is  more  or  less  plant-like,  and  is 
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attached   to   some   foreign   body  liy  its  base;  sometimes  it 
forms  a  crust-like  investment  to  shells  {HydraUinia) ;  some- 


Coijnld*.   *,  Fortlon  of  thg  coloa;  oT  CfW^mfinu  nidiiiJtu,  with  poly- 
••—''-    ■■■  ■     1  nbont  a*  dluneten ;  B,  A dnglB  poljpile  of  BImrtn 
ho  (itauian  dT  tba  puljrjHrjr  upon  the  buca  of  Iha 


times  it  is  rooted  in  the  sand  of  the  sea-bottom.     TIsiially 
the  polypary  is  homy  in  texture,  but  forma  of  Hydraetinia 
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with   a  calcareous   polypary  have  been  described  by  Mr 
Carter. 

The  most  important  genus  of  Corynida  which  has  been 
certainly  detected  in  the  fossil  condition  is  Hydradinia,  which 
is  still  represented  by  living  species.  The  recent  Hydractinia', 
as  a  rule,  are  homy  as  regards  the  texture  of  the  skeleton, 
and  form  crusts  attached  to  the  outer  surface  of  sheila.  By 
nge,  these  crusts  come  to  be  composed  of  successive  close-set, 
vertically  superimposed  laminee,  and  the  shell  upon  which 
they  originally  grew  is  commonly  more  or  less  dissolved 
away  and  replaced  by  the  substance  of  the  parasite.  In  an 
African  Hydractinia,  described  by  Mr  Carter,  tlie  skeleton  is 
calcareviis,  but  not  essentially  different  to  the  homy  forms  in 
minute  stmcture.  Several  fossil  forms  of  Hydradinia  are 
now  known,  two  of  them  {H.  cretacea  and  H.  Vicaryi)  being 
from  the  Upper  Cretaceous  system.  Of  these  ancient  types, 
the  latter  is  described  as  being  siliceous,  but  it  is  more  prob- 
able that  its  skeleton  was  originally  calcareous,  and  that  it 
lias  been  aiiicified.  In  the  Miocene  Tertiary  another  species 
occurs ;  and  in  the  Pliocene  (Coralline  Cr^  of  Suffolk)  we 
liave  another  species,  in  which  the  skeleton  is  calcareous, 
Mr  Carter's  discovery  of  a  living  calcareous  Hydradinia 
rendering  it  probable  that  the  fossil  form  possessed  a  skeleton 
primitively  composed  of  carbonate  of  lime.  The  genera 
TfuUaminia  (Jurassic  and  Cretaceous)  and  Spharadinia 
(Juraasic)  have  been  founded  by  Steiiimann  for  forms  sup- 
posed to  be  allied  to  Hydractinia. 

According  to  Mr  Carter,  the  fossils  whiub  have  been  usually  described 
under  the  name  of  Strcmatopora  {see  p.  137),  together  with  the  large 
nrenaceoua  Foraminifera  described  by  Ur  Carpenter  under  the  title  of 
Parhria,  are  really  closely  related  to  Hydrtuiinia,  and  are  tnily  fossil 
Hydracoa.  So  far  as  Stromalopora  and  its  allies  are  concerned,  tlie  author 
is  unable  at  present  to  accept  this  v'levr,  which  appears  to  be  founded  upon 
resemblances  of  analogy  rather  than  of  real  ami  fundamental  likeness. 
It  is  not  impossible,  kowerer,  that  Lindstrom  is  correct  in  regarding 
the  Silurian  genus  Lahechia — which  has  generally  been  regarded  as  a  coral 
— as  a  close  ally  of  Hydractinia.  In  this  ancient  and  singular  type  we 
have  flattened  calcareous  expansions  (tig.  47),  the  npper  aui-face  of  which 
is  studded  by  blunt  spines.  These  spines  are  seen  in  vertical  sections 
(fig.  47,  c),  to  be  the  summits  of  perpendicular  pillars,  the  spaces  be- 
tween which  «re  occupied  by  vesicnlar  calcareous  plates.    The  chief 
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points  in  which  Labeckta  differs  from  Hydrticlinia  are  the  apparent 
absence  of  any  Hpertures  on  the  aurface,  and  tlie  fact  that  tlie  former 
iloeB  not  gtow  in  the  form  of  cnistB  enveloping  (^helln,  hut  in  the  shape 
of  expansions  attached  to  a  foreign  body  at  one  point  only. 

Two  other  fossil  genera,  viz.,  Palceocoryne  and  Conjnoidea, 
Iiave  been  referred  to  the  Corynida,  but  in  neither  case  is 
the  reference  free  from  doubt.  Palwocoryne  (iig.  43)  is  a 
minute  organism  which  was  discovered  by  Dr  Martin  Duncan 
and  Mr  Jenkins  growing  attached  to  the  margins  of  Lace- 
corals  (Feneidellm)  in  tlie  Carboniferous   rocks   of    Scotland. 


Fortinn  of  «  vertlo^  Krikm  under 


Its  base  is  expanded,  with  finger-like  processes  of  attach- 
ment. From  the  base  rises  a  short  robust  stem,  which  is 
marked  with  llutings  and  superticial  granulations.  The  stem 
terminates  in  a  single  polypite,  the  mouth  of  which  is  sur- 
rounded by  a  single  whorl  of  slender  processes  or  "  tentacles," 
in  the  centre  of  which  is  the  mouth.  The  entii'e  polypary, 
as  above  described,  is  "  calcareous,  dense,  and  ornamented." 
In  one  living  form  only  (viz.,  Biintria,  fig.  46,  b),  is  the 
polypary  continued  along  the  tentacles  and  upper  part  of 
the  body  of  the  polypite,  and  in  this  case  the  polypary  is 
simply  of  the  consistence  of  parchment.  This  peculiarity, 
therefore,  with  the  possession  of  a  calcareous  polypary,  renders 
the  reference  of  Palcaxxirifne  to  the  Corynida  a  matter  of 
question.     According  to  the  views  of  Prof.  Young  and  Mr 
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John  Young,  inJeed,  tlie  fosaila  known  as  PaUeoe&ryne  are 
really  peculiar  processes  belonging  to  the  I'olyzoon  (Fmesttiln) 
upon  which  they  grow. 


Rg  48.— Pnlmwor^iB  TudinlHw,  enlnrged  fllteembsiDOteni.    (Afw  Dimeui  MMUenklng.) 

Tlie  genus  Corynoidcs  was'  proposed  by  the  author  for  some 

singular  fossils  from  the  Lower  Silurian  rocks  of  Scotland. 

J-iach  consists  of  a  cylindrical  corneous 

tube    (fig.    49),    tapering    towards    the 

base,   where   it   is   furnished   with   twd 

small  spines,  and  expanding  above  into 

a  species  of  toothed   cup.       Corynmdm 

consists   of   a    single    polypi te,   and    in 

til  is    respect    may    be    compared    with 

some  living  Corynida.      It  would  seem, 

liowever,  not  to  have  been  attached  to 

Rg.  v^.-corymiOa  mii-    any  foreign  body — as  all  living  C'orynidt 

e»iori.,   cnisrged.     (OriBi-    ^^^  — _  ^^^  j^^   j.^.^^   affinities    are   tlius 

rendered  uncertain. 
I[.  TnEC.\PHOitA  (or  Sn-tnlarida   and    Cavipanvlarida). — 
Animal  eomix/imd,  rooted  and  plant-lihe,  amsisting  of  niimer- 
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(WW  jmlffpUes  ttniled  by  common,  fiesh  <«■  cosnosarc.  The  como- 
sarc  is  more  or  less  branched  (fig.  50,  a),  and  secretes  a  ^rmtff 
chitiTwus  intestment  or  "  polypary."  The  polypUes  are  aho 
protected  within  "  kydrotkear,"  or  little  ciip-likc  expansions 
derived  from  the  polypary.  The  process  of  reproduction  is 
carried  on  by  the  development  of  the  reprodndiie  elements 
idthin  homy  urn  -  like  sacs,  which  are.  of  lai-ger  size  than 
the  "  hydrolhecce,"  and  are  ktioicn  as  "  ovarian  capsules "  or 
" gonotheco!"  (often  called  " gonophores").  Type  of  the  oi-der 
the  Sea-fir  {Sertvlaria,  fig.  50). 


utnni  Blif ;  ft. 

Fnpneiil  nf  IlK  nine  enkrgeiJ. 

I  LydratbtTi'  <*) 

;  (.,  Prtgment  of  C" 

■Mpausln.-." 

ICODUlntdiKth 

til  hy.l»th*nt  ih\  1 

rith  the  slnnm^h 

oflhepoljplUM. 

Tliere  is  considerable  uncertainty  as  to  tlie  existence  of 
any  fossil  representatives  of  this  order.  No  undoubted 
Sertularian,  at  any  rate,  is  as  yet  known  to  the  palreontol- 
ogiat ;  bnt  there  are  several  genera  which  may  with  mort; 
or  less  pTObability  be  referred  to  this  place.  Tlie  most  im- 
portant of  these — as  being  those  in  which  the  reference  is 
probably  correct — are  certain  forms  usually  referred  to  the 
Ora/iiolitidce,  of  which  the  genera  DendrogroptuH  and  Diely- 
onema  may  be  noticed  in  particular.  The  forms  referred  to 
Dciu/roffraplus  are  exclusively  confined  to  the  Upper  Cam- 
brian and  Lower  Silurian  formations.     Tliey  consist  of  plant- 
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like  spreading  and  branched  growths,  whicli  are  furnished 
■with  a  strong  footstalk  (fig.  51).  In  all  probability  the 
organism  -was  attached  by  the  base  of  the  footstalk  to  some 

foreign  body,  but  no  actual  demonstration  of  this  has  as  yet 
been  obtained.  The  braiichlets  carry  upon  one  side  a  series 
of  little  chitinouB  cups  or  "  cellules,"  each  of  which  must  have 
contained  a  polypite,  and  which  agree  with  the  similar  atruc- 


Flg.  M.^Detidrograptua  HaliftinHt.  n.  Portion  nf  tb#  rvintd,  idtunl  alze ;  b.  Pardon  of  a 
branch,  onlu^ad ;  c,  The  foouUlk  And  somA  of  the  prlncLiA]  bruii.-h««,  Datiinl  Blze.  (Aftirr 
Hall.) 

tnres  of  the  Graptolites  in  partially  overlapping  one  another ; 
thus  differing  from  the  "  hydrothec®  "  of  the  Sertularians. 

In  Dictyonema  {fig.  52)  we  have  organisms  resembling 
Dendrograptug  in  many  respecta,  but  not  possessing  any  foot- 
stalk. The  frond  is  branclied  and  plant-like,  and  is  fan- 
shaped  or  funnel-sbaped  in  form.  It  is  not  certainly  known 
whether  the  organism  was  attached  by  its  base  or  not ;  but 
there  is  the  strongest  probability  in  favour  of  its  having  been 
fixed.  The  branches  radiate  from  the  base,  running  nearly 
parallel  with  one  another,  and  often  bifurcating.  They  are 
united  to  one  another  at  short  intervals  by  numerous, 
irregular,  slender,  transverse  processes  or  dissepimenta,  and 
they  bear  small  homy  cups  or  "  cellules "  like  those  of  the 
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Graptolites.  JHctyonema  ranges  from  the  Upper  Cambrian 
to  the  Middle  Devonian.  The  genus  bears  a  close  superficial 
resemblance  to  the  Feneatdlec  or  Lace-corals  (belonging  to  the 
Polyzoa) ;  but  the  latter  have  a  calcareous  skeleton,  and  have 
no  "  cellules."  Besides  the  above-mentioned  genera,  Ccdlo- 
ffraptvs  and  Ptiiograptvs  may  with  great  probability  be 
referred  to  the  Seriutarida ;  as  may,  perhaps,  be  the  obscure 


Fig.  (12.— JXelynwna  nlt/lirnc,  HalL    (A(Ur  Bull.} 

fossils  Bvihograptus  and  Thamnograptus.  All  these  genera 
are  Silurian  in  ^a 

OLDHA.MIA. — The  singular  fossils  described  under  the  genua 
Oldhamia  may  be  noticed  here,  s&  they  have  been  referred 
to  the  Hydroxoa ;  though  their  true  nature  is  altogether  un- 
certain. Oldhamia  occurs  in  certain  green  and  purple  grita 
of  Lower  Cambrian  age,  at  Bray  Head,  in  Wicklow,  Ireland, 
where  the  fronds  are  found  in  great  abundance,  matted 
together,  and  spreading  over  the  surfaces  of  the  strata.  A 
species  of  Oldhamia  is  also  said  to  occur  plentifully  in  the 
Potsdam  Sandstone  (Upper  Cambrian)  of  Wisconsin,  in  North 
America.  Oldhamia  antiqua,  the  commonest  species,  consists 
of  a  central  thread-like  axis  from  which  spring  bundles  or 
umbels  of  short  radiatii^  branches  (fig.  63),  st  regular  in- 
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tervals.  Each  branch  "  is  formed  of  a.  series  of  articulatioDS 
marking  the  position  of  minute  cells"  (K  Forbes),  Old- 
hamia  has  been  variously  referred  to  the  Sertularian  Zoo- 
phytes, to  the  Folyxoa,  and  to  the  vegetable  kingdom.  The 
most  probable  conjecture,  perhaps,  would  refer  the  genus  to 
the  calcareous  sea-weeds  (Salter). 

III.    Sub  -  CU58    Graptolitid^    (Graptolites  —  Ehabdo- 
FHORA,   Allman). — The  Graptolites  form   a   very  large   and 
important  family  of  fossils  which 
usually  present  themselves  in  the 
shape   of  homy    linear   bodies, 
toothed  or  serrated  upon  one  or 
both  sides,  and  often  combined 
into  more  or  less  complex  sys- 
tems.      If    we    disregard    the 
genus  IHctyonema,  which  is  best 
referred  elsewhere,  the  Grapto- 
lites have  an  extremely  definite 
range  in   point   of  time,  being 
exclusively  confined  to  the  Silu- 
rian deposits.    They  attain  their 
maxunum  of  development  in  the 
basement  -  beds  of  the  Silurian 
"'^^iirr^nrcrbT™'       (Quebec  group  of  Canada   and 
Skiddaw    Slates    of    England), 
are   abundantly   represented   in   the   higher   portion   of  the 
Lower  Silurian,  and  die  out  altogether  before  the  close  of 
the  Upper  Silurian  period. 

Excluding  the  genera  Didyonema,  Dendrograftus,  PtUoffrap- 
tua,  and  CallograptuSf  the  GraptolUidte  may  be  defined  by  the 
possession  of  a  compound  polypary,  consisting  of  a  tubular 
chitinous  investment  enclosing  the  ccenosarc,  giving  origin 
to  numerous  cup  -  like  "  cellules  "  or  "  hydrOtheete,"  each 
of  which  protected  a  polypite.  The  polypary  was  free, 
and  was  not  attached  to  any  foreign  body ;  and  the  poly- 
pites  were  not  separated  from  the  ctenosarc  by  any  par- 
tition. Lastly,  the  polypary  was  almost  always  strength- 
ened by  a  chitinous  rod  or  fibre,  which  is  termed  the 
"  solid  axis,"  and  which  is  analogous  to  the  chitinous  rod 
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described  by  Dr  Allmap  in  the  singular  Polyzoon,  ShaMo- 
pleura. 

From  the  above  definition,  it  will  be  seen  that  the  Grapto- 
lites  agree  with  tlie  living  Sertularians  in  possessing  a  cor- 
neous polypaiy,  which  not  only  invests  the  ctenosarc,  but  is 
expanded  into  little  cups  or  "  hydrothecte,"  within  which 
each  polypite  is  protected.  The  Graptolites,  however,  differ 
from  the  Sertularians  in  the  fact  that  the  polypary  was 
unattached,  and  apparently  free-floating,  whilst  it  has  not, 
except  in  a  few  cases,  anything  like  the  plant-like  appear- 
ance of  the  latter.  Furtiier,  the  hydrothecae  of  the  Grapto- 
lites, except  in  the  genus  Mastriles, 
always  more  or-  less  overlap  one 
another ;  whereas  those  of  the  Ser- 
tularians are  not  in  contact.  Lastly, 
no  Sertularian  exhibits  any  structure 
which  can  be  compared  with  the 
"  solid  axis  "  of  the  Graptolitea 

Takiag  such  a  simple  GraptoUte 
as  MonograftuB  priodon  (fig.  54),  or 
M.  ea^taTiua   (fig.   55,  a),  as  the 
type  of  the  suh-class,  the  polypary 
is  seen  to  consist  of  three  elements, 
which  are  known  as  the  "  solid  axis," 
the  "  common  canal,"  and  the  "  cell- 
ulea"     The  "  solid  axis  "  is  a  cylin- 
drical fibrous  rod  which  gives  support 
to  the  corneous  and  flexible  polypary. 
The  term  "  solid  "  is  probably  a  mis- 
nomer ;  for  it  was  almost  certainly 
hollow,  and  filled  with  living  mate-    ^'^^^ 
rial.      It  appears  to  be  absent  in    ",  uorMi 
SetwlUes  Geinitsdanus,  but  some  un-    enurged' 
certainty  rests  upon  this  point.     As    ^^^* 
a  very  general  rule,  it  is  prolonged 
as   a  longer  or  shorter    naked    rod 
beyond  one  or  both  ends  of  the  poly- 
pary, and  either  extension  may  be  more  or  less  dilated.     Its 
basal  prolongation,  with  or  without  an  accompanying  exten- 


tew  Df  A  fngment  of 
ipeci«  —  considerably 


enlarfed ;  d,  Tnnuyene  uctjon 
of  Che  ume.  All  froiii  the  bue  of 
the  Cooleton  Floei.    (Origiiwl.) 
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eion  of  the  common  canal,  is  termed  the  "  radicle,"  or  "  initial 
point,"  as  marking  the  organic  base  of  the  frond. 

The  "  common  canal "  is  the  tube  in  which  the  c(£nosarc 
was  enclosed ;  but  it  commonly  appeals,  in  compressed  speci- 
mens, merely  aa  a  vacant  space  between  the  "  cellules  "  and 
the  solid  axis.  The  common  canal  gives  origin,  by  a  process 
of  buddii^,  to  the  "  cellules "  or  "  hydrothecfe,"  which  are 
little  homy  cups  for  the  reception  of  the  polypites.     Each 


Toung    [DdiviiluBl  of  ifont, 


cellule  rests  by  its  base  upon  the  common  canal,  is  separated 
from  its  neighbours  by  "  cell-partitions,"  and  opens  at  its 
apex  by  a  distinct  aperture  or  "  cell-mouth,"  through  which 
the  polypite  could  exsert  its  tentaculate  head. 

Tlie  reproductive  process  appears,  in  some  cases  at  any 
rate,  to  have  been  carried  on  by  the  formation  at  certain 
seasons  of  liomy  capsules,  of  much  greater  size  than  the 
cellules,  within  which  the  generative  elements  were  matured. 
In  some  cases  these  "  ovarian  vesicles "  have  been  found 
actually  attached  to  the  fronds  of  Graptolites.  In  other 
cases,  as  described  by  the  writer,  we  find  numerous  bell- 
shaped  homy  capsules,  termed  "  DaiPsonitB"  (fig.  56),  each 
with  a  little  spine  at  its  summit,  scattered  through  the  rock 
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in  which  the  Graptolites  occur,  but  only  doubtfully  attached 
to  the  fronds  of  the  latter.  These  we  may  infer  to  have 
been  "  ovarian  vesicles ; "  but  they  differ  from  the  bodies  so 
called  in  the  Sertulariana  in  becoming  detached  from  the 
parent  colony. 


reprodaoUve  budi  of  Gr»p*ollt««. 


As  regards  the  affinititt  of  the  QiaptoliteH,  opinions  widelj  differ, 
though  the  view  now  generally  adopted  by  palteontologiBts  is  that  thev 
constitute  an  aberrant  and  ancient  tjpe  of  the  Hydroioa.  In  the  actual 
Btmeture  of  the  polypaiy,  aa  is  easily  seen  by  a  compariBon  with  the 


Fig.  S7.~x,  itngmait  el  Flimmlaria  piitmltUa.  magnlllad,  (howlnita  tlnRla  row  offaydro- 
th«w ;  B,  A  fngment  oF  Strltilaria  Jailax,  mugnUled,  iliowliig  a  double  row  of  hydrotli'ecte ; 
c,  Pngmeut  oTSfrdiJariaJbUai,  iiiigiilfl«d,  BbowSng  an  avarUn  capBuie,    (Aflar  JohrifltOP.) 

Hubjotned  illnetTation  (fig.  57),  represeatiug,  on  an  enlarged  scale,  the 
shape  and  arrangement  of  the  hjrdrotbecra  among  the  Sertidanda,  the 
Graptolitea  certainly  closely  approach  the  recent  Sea-firs,  though  the 
latter  possess  no  "  solid  axis,"  and  the  hydrothece  do  not  overlap,  while 
the  polyparj  is  always  fixed.    In  the  unquestionable  fact,  abo,  that  the 
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reproductive  elements  in  some  Qraptolitea  {if  not  in  all)  ore  matured  in 
special  cbitinous  receptacles,  we  have  an  undoubted  approach  to  the 
Sertularians,  with  their  "  ovarian  capBulea "  (fig.  67,  c).    By  Profegsor 
AUman,  our  highest  living  authority  on  the  Hydrozoa,  the  Graptolites 
ate  regarded  as  ceferable   to   the   aub  •  kingdom  of  the   Hydrozoa,  but 
as  presenting  us  with  an  ancient  and  degraded  type  of  this  clasa,  in 
which  the  hydrothecas  were  occupied 
umply  by  mobile  anneboid   proto- 
plasm, instead  of  by  fully-developed 
polypitca  constructed  npon  the  Cce- 
lenterate  type.     If,  namely,  we  look 
at  the  living  Pbaiailariaia  among  the 
SertvlaTid/i,  we  find  that   the   poly- 
pary,  in   addition  to  the   ordinary 
hydrothecBB,    with     their     contained 
polypites,  carries  a  number  of  cup- 
shaped  processes,  which  are  known 
aa''nematophores"(fig.58,n).   Each 
of  these  cup-like  appendages  is  filled 
with  protoplasmic  matter,  which  has 
the  power  of  emitting  ammboid  pro- 
longations or  filament^  strictly  com- 
parable to  the  "  pseudopodia  "  of  the 
Bhizopods.    Upon  Dr  Allmon'a  view, 
the    "  cellulea  "    of   the    Graptolites 
were  similarly  occupied  by  amoeboid 
protoplasm,  so  that  these  extinct  or- 
ganisms  might   be   compared    with 
Plumulariaos  in  which  the  colony 
produced    nothing    but    "  nemato- 
phores,"  and  in  which  the  ordinary 
polypitea  had  not  been   developed. 
In  the  absence  of  direct  evidence, 
V  can,  however,  only  be  re- 
garded as  a  more  or  less  probable 
hypothesis.      On    the    other    hand, 
there    are    not   wantii^;    points    of 
relationship  between  the  Oraptolites 
and  some  of  the  Polipoa,  and  especially  those  members  of  the  latter 
class  in  which  (as  in  Vtncuiaria  and  its  allies)  the  cells  of  the  colony 
communicate  by  means  of  a  common  tube.     A  further  point  of  affinity 
between  these  two  groups  of  organisms  is  established  by  the  presence  in 
ittoMigjfeura — an  unquestionable  marine  Polyzodn — of  a  hollow  chit- 
inoua  axial  tube,  which  may  in  many  respects  be  compared  with  the 
"  solid  axis  "  of  the  Oraptolites.    In  other  points,  however,  Bhabdi/pUv,Ta 
is  entirely  unlike  any  known  Qraptolite,  and  especially  so  in  its  general 
form,  and  in  the  fact  that  it  is  fixed  to  solid  bodies ;  and,  upon  the  whole, 


Fig.  6S.— Portion  of  ■  brme 
flularlaimlrnndia,  anlirged  (ifter  AUnun). 
p,  Od«  or  tke  polntjtn ;  n,  n,  h,  Me- 
matopliorea  omitting  paaudopodUl  fiU- 
raenti  of  aircoila  ;  n',  Keimlophore  with 
ita  nrcodlc  fontents  qulwcsnt :  c,  C<eno- 
ure  (Dcloaed  altUll  Uis  polirpuy. 
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the  balimce  of  evidence  is  unquestionably  in  favour  of  a  reterence  of  the 
OraplalUida  to  the  Hydrtaoa. 


Two  leading  types  may  be  distinguished  amongst  tlie 
Graptolitea,  which  are  termed  respectively  "  monoprionidian  " 
and  "  diprionidian."  The  monoprionidian  Graptolites,  such  as 
Monograptue  priodon  (fig.  54),  are  distinguished  by  the  fact 
that  the  polypary,  whether  simple  or  branched,  possesses  but 
a  single  row  of  cellules  or  "  hydrothecje."  In  the  diprio- 
nidian forms,  on  the  other  hand,  as  in  Diplograptus  (fig.  63), 
the  polypary  possesses  a  row  of  cellules  oo  each  side.  It  is 
noticeable  that  the  diprionidian  Graptolites,  with  hardly 
an  exception,  are  con&ied  to 
the  lower  Silurian  rocks; 
whilst  the  monoprionidian 
forms  range  from  the  base 
of  the  Silurian  to  the  summit 
of  the  Upper  Silurian  series. 

Numerous  genera  of  Grap- 
tolites, as    here   restricted,  an 


F\t-  ^-^  Didjfmo^raptuM  V-fraetiu. 
Lower  SUdiUs  (HkldiUw  SlatuX 

1  known  to  science ;  but  it 
will  be  sufficient  to  give  the  diagnostic  characters  of  a 
few  of  tlie  commonest  and 
more  important  types.  In  the 
genus  Monograptus  (^s.  54, 
55),  the  polypary  ia  simple, 
linear,  possessing  but  a  single 
row  of  cellules  on  one  side, 
and  commencing  by  an  atten- 
uated, usually  curved,  base. 
Species  of  this  genus  are  found 
from  near  the  base  of  the 
Lower  Silurian  series  to  the 
very    summit    of    the    Tipper 

SUurian  deposits,  j^  K,.-Tar^ft»  i^Hbr^i^ 

In  the  genua  Didymoqravtus    (^h.u>   Lo™auiiriBi(8kiddiw«xd 
(fig.  5y),  the  polypary  consists 

of  two  simple  monoprionidian  branches,  which  spring  from 
a  common  point,  which  is  almost  invariably  marked  by  a 
small  spine-like  "  radicle."     The  genus  attains  its  maximum 
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in  the  Quelsec  group  of  Canada  and  Skidd&w  Slates  of  Eng- 
land, and  is  well  represented  in  the  sneceeding  portions  of 
the  Lower  Silurian  (Llandeilo  rocks) ;  but  no  species  of  the 
genua  is  known  as  late  as  the  Upper  SQurian  period. 

In  the  genus  Tdragraptus  (fig.  60),  the  polypary  consists 
of  four  simple  monoprionidian  branches,  springing  from  a 
central  non-celluliferous  con- 
necting process,  which  bifur- 
cates at  each  end.  The  cel- 
Inliferous  branches  do  not 
subdivide,  and  the  base  may 
be  enveloped  in  a  peculiar 
corneous  "disc,"  as  will  be 
immediately  described  in  the 
genus  Dichograptus.  The 
species  of  TetTagraptua  are 
exclusively  confined  to  the 
Skiddaw  and  Quebec  groups 
(Lower  Silurian). 

In  the  genus  Didwgrap- 
tua  there  are  more  than  four 
usually  eight)  simple  mono- 
prionidian branches,  which 
arise  from  the  same  number 
of  divisions  of  a  non-cellu- 


literous  basal  process.  In  many  cases  the  divisions  of  the 
basal  connecting  process  (fig.  61),  are  enveloped  in  a  species 
of  corneous  "  disc  "  or  plate,  which  is  believed  to  have  been 
composed  of  two  lamime.  The  functions  of  this  disc  are 
doubtful ;  but  it  has  been  compared  with  the  "  float "  or 
buoy  of  the  Physopkondee,  an  order  of  the  Oceanic  Hydrozoa. 
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This  genus  is  likewise  restricted  to  the  earlier  portion  of  the 
Lower  Siliiriaa  period. 

In  the  genus  Eastrites  (fig.  62),  the  polypary  consists  of  a 
slender  axial  tube,  giving  off  on  one  side  a  series  of  linear 
tubular  cellules  or  "  hydrothecte,"  which  are  free  throughout 
their  entire  length.  The  genus  differs  from  all  the  other 
Graptolites,  in  the  fact  that  the  cellules  do  not  overlap  one 
another,  but  are  free  through  their  whole  length,  whilst  it 
is  not  certain  if  a  true  "  solid  axis  "  is  always  present.     In 


t^.  63..— tfOTT^ologT  ot  Roitritea.  a,  BoMtrlUa  jtngrinva.  Bur.,  from  thB  Madstoim  of 
the  ConlBtOD  Serlo— ealuBed ;  B,  HojItUm  mpUfarii,  Cut.,  from  tb*  Upper  UuidsUo  Slulei 
of  DmnUeHliiie— volugad ;  o,  Pngment  of  iIa>(i-<l«i.(nnii<,BuT.,  fKun  the  ConLiton  Und- 
nones-^HilaiBed ;  n,  Fngment  of  B.  fereffrinut,  greatlj  eolirgad,  ahowlsg  Uia  Impnueil 
Una  rtuuilDg  up  ti»  eautn  of  each  cellule.    (OrigbuL) 

Britain  and  North  America  the  species  of  Bastrites  are  ex- 
clusively confined  to  the  Lower  SUurian  rocks,  but  in 
Bohemia  they  pass  up  into  the  lowest  beds  of  the  Upper 
Silurian. 

In  the  genus  Diplograptria  (fig.  63),  the  polypary  consists 
of  two  simple  monoprionidian  stipes,  firmly  united  to  one 
another,  back  to  back.  The  frond,  therefore,  is  "diprioni- 
dian,"  ot  carries  cellules  on  both  sides.  The  solid  axis  is 
usually  prolonged  beyond  the  base  of  the  polypary  as  a 
longer  or  shorter  process  or  "  radicle,"  which  is  often  flanked 
by  lateral  spines.  The  solid  axis  is  also  almost  invariably 
prolonged  beyond  the  opposite  or  "  distal "  end  of  the  poly- 
pary as  a  naked  rod.     In  the  nearly-allied  genus  Climaco- 
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graptus,  the  structure  is  much  as  above  described,  but  the 
cellules  have  such  a  Btructure  that  their  mouths  appear  to 
be  sunk  below  the  general  surface  of  the  polypary,  forming 
a  rov  of  rounded  or  quadrangular  openings  on  each  side. 
Both  IHplograptiis  and  Climaeo' 
graptus  range  in  Britain  and  North 
America  from  the  base  to  the  sum- 
mit of  the  Lower  Silurian  series ; 
but  in  Bohemia  they  rise  into  the 
lower  portion  of  the  Upper  Silu- 
rian deposits.  In  the  genus  Dic- 
rarutgraptus  the  polypary  is  at  first 
diprionidian,  but  soon  splits  into 
two  monoprionidian  branches  which 
cany  the  cellules  along  their  outer 
margins.  The  genus  is  exclusively 
Lower  Silurian,  Lastly,  we  may 
mention  here  the  curious  forms  in- 
cluded under  the  generic  title  of 
Pkyllograptua  (fig.  64).  In  these 
forms,  which  are  essentially  charac- 
teristic of  the  lowest  Silurian  de- 
posits (Sldddaw  and  Quebec  groups), 
the  polypary  is  leaf-like  in  shape, 
and  consists  of  four  rows  of  cellules 
placed  back  to  back,  thus  resem- 
bling two  IHplograpH  intersecting 
each  other  at  right  angles.  In 
Aowfflg  no  true  nidioia.  <0ri-  consequence  of  the  peculiar  struc- 
ture of  the  polypary,  the  PhyUo- 
grapti  are  sometimes  spoken  of  as  the  "  tetraprumidian " 
Graptolites. 

IV.  SCB-CLA3S  HtlrOCOEALUNA — This  name  has  re- 
cently been  proposed  by  Mr  Moseley  for  two  groups  of 
marine  animals  which  produce  a  regular  skeleton  of  car- 
bonate of  lime,  often  of  laige  size,  and  which  have  been  gen- 
erally referred  to  the  Corals  {Actinozoa).  One  of  these  groups 
comprises  the  well-known  Millepora  (fig.  65),  which  is  found 
contributing  so  largely  to  the  formation  of  coral-reefs  in  the 


Another  Mouapla  of  Uie  hi 
■Ugfitly  ralaigwl.  ahovLDg  k  it 
ndlcle,  ud  long  lit«nl  ipdieg : 
Another  of  the  tvaa,  sniui 
■bowing  IntenJ  splnra,  eticc«n 
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West  iDdiea  and  Pacific.     The  calcareous  slceleton  of  MUle- 
poTa  is  mostly  in  the  form  of  foliaceoua  or  laminar  expan- 
sions, stony  in  texture,  with  a  smooth  surface  studded  with 
minut«  apertures  of  two  sizes,  the  larger  of  these  being  much 
Uie  fewest  (fig.  65,  c).     The  larger  openings  are  the  mouths 
of  tubes  (fig.  65,  B,  p,  p),  which  are  divided  by  transverse 
calcareous    partitions    into    a 
number  of  compartments,  only 
the  most  superficial  of  these 
being  actually  tenanted  by  the 
living  animal.      The    smaller 
tubes  are  similarly  septate  or 
"  tabulate,"   and   the    general 
tissue  of  the  skeleton  (fig.  65, 
c)  is   composed  of  calcareous 
trabeculse  traversed  by  a  series 
of   ramifying  and  anastomos- 
ing c<Enosarcal  canals,  which 
place  the  tubes  occupied  by 
the  zooids  in  direct  commu- 
nication.^ 

From  the  presence  of  trans- 
verse partitions,  or  "tabulffi."       j^.  „._a„„p  ^  i^vuiu.!.  or  w»««. 
in    its    tubes,    MUlepora   was    Bn-iX"  i»p»».  "«"  «ie  ijuebM  gronp  of 

'  ^  Cui~ta(.ftMH»ll).   One  of  Ihe  four  ro« 

generally  placed  amongst  the    ar«iiiiahiiMiuiontb«underBuiAce. 
so  -  called  "  Tabulate    Corals," 

with  the  typical  forms  of  which  it  has  no  affinity.  Though 
its  skeleton  is  abundantly  obtained  in  the  regions  where 
it  occurs,  the  living  animal  has  been  rarely  observed. 
The  late  Professor  Agassiz  was  the  first  to  examine 
MUlepora  in  its  living  condition,  and  he  was  led  to  the 
conclusion  that  the  genus  was   unequivocally  referable   to 

'  Ai  regards  tha  living  inimal,  Mr  Mcweley  has  showa  thiit  the  colony  of 
MUlepora  coDsista  of  two  kinds  of  zoiSids,  difTeriDg  in  size,  in  stractare,  and 
in  fnnction.  Tha  luger  zaUiia  oceapy  the  la^r  tubes  of  the  corallDin,  and 
have  a  mouth,  samninded  by  four  tentaclea  and  opening  into  a  digestive 
cavity.  The  smaller  and  more  nnmerous  zooids  suironnd  the  larger  ones,  are 
long  and  slender  in  form,  carry  cnmerous  clavate  tentacles,  and  are  destitnCe 
of  any  month.  They  perform  the  functions  of  prehension  for  the  colony,  and 
snpply  food  to  the  uattitive  zoDids. 
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the  Eydrozoa.  This  conclusion  has  been  confirmed  by  the 
more  recent  and  more  complete  researches  of  Mr  Moseley. 
At  the  present  day,  Millepora  contributes  lai^ely  to  the 
formation  of  coral-reefs ;  but  little  is  known  of  ite  distri- 
bution in  past  time.  The  genus  has  been  detected  in  the 
Tertiariea,  and  allied  forms  (Poro^AcBra)  occur  in  the  Chalk. 
The  Tertiary  genus  Axt^xrra  is  apparently  allied  to  Millepora, 
but  the  tubes  inhabited  by  the  larger  zooids  are  traversed 


7i%.  AS.— A|  PortloQ  of  A  iouu  of  UWtpora  aidcomii,  ot  the  utunl  iLie ;  b,  PoriJoD  of 
tha  iKine,  out  opsu  verUcally  lo  iho»  the  Urger  tabuLilo  tubei  (p,  p),  imd  the  apongy 
ccenoureal  akeleton  (c,  c>— enlu^ ;  c,  Snull  pattlon  of  the  (urflice,  enluged  to  ahuir  the 
lugM  tnd  imaller  openings  (p  uid  c)  inhiblled  by  tbe  dilDinDt  looidi,  uid  Uie  nUcolated 

vborli  of  kuobbsd  leotieln.  <i,  n.  uid  c  an  tltei  Hilne-BitnnU  lOd  Ealme ;  b  ii  liter 
NuUn  Dunun  ud  HRloT^Oenenl  NelwiD.) 

by  a  lai^e  fasciculate  "  columella  "  or  central  rod.  According 
to  Mr  Carter,  the  ancient  and  widely  distributed  forms  re- 
ferred to  SlTomatopora  and  to  allied  genera  are  really  closely 
related  to  Millepora,  but  this  conclusion  cannot  be  accepted 
without  further  evidence. 

We  must  also  mention  here  the  extraordinary  forms  known 
as  the  Stylagterida;,  which  have  been  shown  by  Mr  Moseley 
to  be  true  Hydroids,  producing  a  calcareous  corallum.  But 
brief  notice,  however,  can  be  given  to  the  group,  since  there 
is  at  present  only  one  known  fossil  example  of  it  (J)isticho- 


j.b/CoogIe 


FOSSIL  HYDEOZOA.  173 

pora  aiUiqaa  of  the  Tertiary  of  France).  The  family  in- 
cludes several  genera  {Stylaster,  Allopora,  Cryptohdia,  &c.), 
all  of  which  secrete  a  branched  calcareous  skeleton,  so 
closely  resembling  some  undoubted  corals  (such  as  Omlma) 
that  the  group  has  always  been  regarded  as  referable  to  the 
Oculinidm.      Taking  Stylaster  (fig.   66)  as   the  type  of   the 


I,  Portion  ct  the  st 


group,  we  find  the  skeleton  to  be  a  branched  calcareous 
structure,  studded  at  intervals  with  cup  -  like  depressions, 
each  of  which  exhibits  a  central  chamber,  occupied  axially 
by  a  styliform  rod  ("  columella  "),  and  surrounded  by  a  series 
of  secondary  chambers,  separated  from  one  another  by  sliort 
partitions  ("  septa  "),  which  appear  to  be  formed  by  a  folding 
of  the  wall.  Though  the  general  appearance  thus  produced 
—  especially  as  regards  the  existence  of  "  calices "  and 
"  septa "  —  is  distinctly  that  of  the  ordinary  compound 
corals,  yet  Mr  Moseley  has  shown  that  the  animal  forming 
this  skeleton  is  truly  a  composite  Hydroid.  The  colony 
consists  of  two  sets  of  zooids,  of  which  the  larger  and  per- 
fect ones  inhabit  the  central  chambers  of  the  calices,  while 
the  smaller  chambers,  marked  off  by  the  septa,  are  occupied 
by  rudimentary  and  imperfect  zooids,  resembling  tentacles  in 
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shape,  and  destitute  of  a  mouth.  Tlie  cavities  of  the  zooida  . 
are  placed  in  communication  with  one  another  by  a  complex 
system  of  canals,  ramifying  in  the  ccenosarcal  skeleton ;  and 
the  true  Hydrozoal  character  of  these  coral-like  forms  is 
shown  by  the  fact  that  the  reproductive  organs  are  situated 
outside  the  bodies  of  the  ordinary  zooids,  being  in  the 
form  of  fixed  sporosacs  developed  within  sac-like  cavities 
("ampullae")  in  the  skeleton  (fig.  66,  b),  which  at  certain 
periods  communicate  with  the  exterior  by  minute  pores. 
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FOSSIL     ACTINOZOA. 

Of  the  living  groups  of  the  Aetinozoa  (see  Table,  p.  153),  the 
Ctenophora  acd  the  Sea-anemones  (ZoajUkaria  malaGodermata), 
from  their  absence  of  hard  parts,  are  unknown  in  a  fossil 
condition.  The  remaining  groups — viz.,  the  ZoaiUharia 
sclerobadca,  Zoarttharia  sderodermata,  Alcyonaria,  and  Ritgota 
— secrete  a  hard  skeleton,  which  is  known  by  the  general 
name  of  the  "  coral "  or  "  corallum."  All  these  groups, 
therefore,  are  known  as  fossils ;  hut  they  are  of  very  un- 
equal importance.  The  Zoantharia  sderobasica  are  known 
by  very  few  fossil  representatives,  and  require  to  be  little 
more  than  mentioned.  The  Alcyonaria,  aiao,  with  the  excep- 
tion of  the  remarkable  group  of  the  ffelwtitidw,  are  of  httle 
geological  importance.  The  Zoantltaria  sderodermata  and 
Mugosa,  on  the  other  hand,  have  left  very  numerous  and 
interesting  traces  of  their  former  existence — the  latter  being 
almost  altogether  extinct,  —  and  both  will  require  to  be 
noticed  at  some  length.  Kegarded  as  a  whole,  the  class 
of  the  Aetinozoa  appears,  so  far  as  we  yet  know,  to  have 
commenced  ite  existence  in  the  Lower  Silurian  period,  and 
to  have  attained  its  maximum  of  development  at  the  pres- 
ent day. 

Order  I. — Zoantharia. 


Sab-order  S.  Zoantharia  iderobatuM. — Ex.  Antipathe*. 
Snb-onler  3.  Zoaa^Mria  Klerodermala. — Ex.  Reef-bniltling  Cond*. 
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A.  ZoANTHARiA  Malacodermata. — Though,  from  their 
soft  nature,  unknown  in  a  foasil  condition,  the  Sea-anemones 
merit  a  brief  description  here,  as  they  may  be  taken  aa  the 
types  of  the  order,  and  as  the  somewhat  complicat«d  struc- 
ture of  the  sclerodermic  coral  will  thereby  be  rendered  mucli 
more  intelligible. 


le,  allowing  tli 

The  body  of  a  Sea-anemone  (fig.  67)  is  a  truncated  cone, 
or  a  short  cylinder,  termed  the  "  column,"  and  is  of  a  soft, 
leathery  consistence.  The  two  extremities  of  the  column  are 
termed  respectively  the  "  base  "  and  the  "  disc,"- — the  former 
constituting  the  sucker,  whereby  the  animal  attaches  itself  at 
will,  wliilst  the  month  is  situated  in  the  centre  of  the  latter. 
In  a  few  cases  {Ceriantkaa  and  Peachia)  the  centre  of  the 
base  is  perforated,  hut  the  object  of  this  anangement  is 
unknown.  Between  the  mouth  and  the  circumference  of 
the  disc  is  a  flat  space,  without  appendages  of  any  kind, 
termed  the  "  peristomial  space."  Eound  the  circumference 
of  the  disc  are  placed  numerous  tentacles,  usually  retractile, 
arranged  in  alternating  rows,  and  amounting  to  aa  many  as 
200  in  number  in  the  common  Actinia.  The  tentacles  are 
tubular  prolongations  of  the  ectoderm  and  endoderm,  con- 
taining diverticula  from  the  somatic  chambers,  and  sometimes 
having  apertures  at  their  free  extremities.  The  mouth  leads 
directly  into  the  stomach,  which  is  a  wide  membranous  tube, 
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opening  by  a  large  aperture  into  the  general  body-cavity 
below,  and  extending  about  half-iray  between  the  mouth 
and  the  base.  The  wide  epace  between  the  stomach  and 
column-wall  is  subdivided  into  a  number  of  compartments 
by  radiating  vertical  lamellce,  termed  the  "  primary  mesen- 
tories,"  arising  on  the  one  hand  from  the  inner  surface  of  tie 
body-wall,  and  attached  on  the  other  to  the  external  surface 
of  the  stomach.  As  the  stomach  is  considerably  shorter  than 
the  column,  it  follows  that  the  inner  edges  of  the  primary 
meseuteries  below  the  stomach  are  free ;  and  these  free  edges, 
curvii^  at  first  outwards  and  then  downward  and  inwards, 
are  ultimately  attached  to  the  centre  of  the  base.  Besides 
the  primary  mesenteries,  there  are  other  lamelhe  which  also 
arise  from  the  body-wall,  but  which  do  not  reach  so  far  as 
the  outer  surface  of  the  stomach,  and  are  called  "  secondary  " 
and  "  tertiary  "  mesesiteries,  according  to  their  breadth.  The 
reproductive  organs  are  in  the  form  of  reddish  bands,  which 
contain  ova  and  spennatozoa,  and  are  situated  on  the  faces  of 
the  mesenteries. 

B.  ZoANTHAKiA  ScLEEOBASiCA.  —  The  members  of  this 
group  are  all  ctmiposite  oi^anisms,  consisting  of  numerous 
polypes,  each  of  which  has  essentially  the  structure  of  a 
small  Sea-anemone,  united  together  by  a  common  otganised 
medium  or  "ccenoearo"  (fig.  68).     Each  polype  has,  with 


Aiittpallu*aiiguiiia,cttbtBM.tait.lilu,  <An«rDMU.) 


rare  exceptions,  six  tentacles,  and  the  entire  organism  is 
supported  by  an  internal  skeleton  or  "  corallum."  ITje  coral 
is  horny,  and  it  is  what  is  called  "  sclerobasic " — that  is  to 
say,  it  forms  an  internal  axis,  over  which  the  ci£QOsarc  is 
spread,  much  as  the  bark  encloses  the  wood  of  a  tree.  As 
the  polypes  are  sunk  in  the  coenosarc,  and  as  this  simply 
forms  a  rind  for  the  coral,  it  follows  that  the  polypes  are 
ovitnde  the  corallum.     In  other  words,  the  polypes  take  no 
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part  in  the  secretion  of  the  corallum ;  but  this  is  deposited 
solely  by  the  ccenosarc  or  common  flesh  by  vhich  the  polypes 
are  connected  together. 

The  corallum  is  sometimes  simple  and  imbranched,  but 
is  more  commonly  branched  and  plant-like,  and  its  surface, 
though  occasionally  smooth,  is  usually  covered  with  minute 
spines,  being  thus  readily  distinguished  from  the  grooved  and 
striated  sclerobaais  of  the  Goi^nidte. 

The  Zoantharia  sclerobamca  are  not  known  as  occurring  in 
either  the  Faleeozoic  or  Mesozoic  period.  They  appear  for 
the  first  time  in  the  Miocene  Tertiary  {Leiopaihas  vetusia). 

C.  Zoantharia  Sclerodermata  (Hexacoralla). — This 
group  includes  most  of  the  so-called  "  corals,"  and  is  of  very 
high  geological  importance.  All  the  member  of  this  group 
secrete  a  skeleton  or  "corallum,"  and  this  is  necessarily  the 
only  part  of  the  animal  with  which  the  palaeontologist  has  to 
deal ;  so  that  it  becomes  ueceaaary  to  enter  into  ita  structure 
at  some  length.  The  animal  it«elf  in  the  Zoantharia  sclero- 
dermaia,  in  its  essential  structure,  resembles  a  Sea-anemone ; 
but  it  very  often  has  the  power  of  repeating  itself  by  budding 
(gemmation)  or  cleavage  (fission),  so  that  from  a  simple  it 
becomes  a  compound  organism.  It  may  therefore  consist 
of  a  single  "polype,"  or  of  many  similar  polypes  united  by 
a  common  flesh  or  "  ccenosarc."  The  corallum  is  what  is 
called  "  sclerodermic,"  its  essential  peculiarity  being  that  it 
is  secreted  by  the  polype  or  polypes.  The  aclerodennic 
coral,  in  fact,  is  an  actual  calcification  of  part  of  the  tissues 
of  the  polype.  When,  therefore,  we  have  a  simple  coral, 
produced  by  a  simple  member  of  this  group  (as  in  fig.  69), 
we  have  clearly  to  do  with  nothing  but  skeletal  structures 
produced  in  the  interior  of  the  pol3fpe  itself.  When,  on  the 
other  hand,  we  have  a  compound  sclerodermic  coral  to  deal 
with,  we  have  usually  more  than  this.  We  have,  namely, 
two  parts  or  elements  of  the  coral  to  consider:  1.  The  parts 
of  the  coral  secreted  by  each  individual  polype ;  and,  2.  The 
parts  secreted  by  the  cisnosarc  whicli  unites  all  the  polypes 
into  an  organic  whole.  A  compound  coral  may  be  theoreti- 
cally regarded,  therefore,  as  consisting  of  a  greater  or  less 
number  of  simple   corals,  such   as  the   preceding,  united 
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together  by  a  greater  or  less  quantity  of  calcareous  matter 
secreted  by  the  coenosarc  The  entire  compound  corallum 
consists,  therefore,  of  a  greater  or  less  number  of  "  corallites  " 
bound  together  by  a  calcareous  basis,  which  la  secret«d  by 
the  c^nosarc,  and  is  called  the  "  coenenchyma."  In  practice, 
however,  this  theoretical  view  of  the  subject  is  not  always 


Fig.  M.— C»rjnip»irl«a  borrallt.     A  iimplB  lelwodBrinLe  roni,  twice  the  natun]  tin. 
BawnL    (AlUr  Sir  Wyvllle  Tbomaon.) 

borne  out.  The  compound  corallum  may,  and  often  does, 
consist  of  a  number  of  coraUites  produced  by  budding  or 
cleavage  from  a  primitive  corallite,  having  their  outer  walls 
amalgamated,  or  more  or  less  completely  free,  but  not  sunk  in 
any  general  ctEnenchjTna.  In  other  cases,  the  coanenchyma, 
tliough  not  actually  absent,  is  very  much  reduced  in  quantity. 
To  comprehend  the  more  intimate  stracture  of  a  sclero- 
dermic coral,  we  may  take  a  simple  corallum,  such  as  figured 
in  fig.  69.  Typically,  such  a  coral  is  conical  in  shape,  some- 
times discoid,  sometimes  cylindrical,  hut  in  all  cases  possess- 
ing an  external  "  wall "  or  "  theca,"  with  an  internal  included 
space.  The  theca  may  be  very  imperfect,  often  porous  or 
cribriform  ("  Per/orate  Corals"),  or  it  may  be  strengthened  by 
a  secondary  calcareous  investment,  termed  the  "  epitheca." 
The  "  theca "  encloses  a  laiger  or  smaller  space  which  is 
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known  as  the  "  visceral  chamber,"  is  variously  subdivided 
below,  and  superiorly  presents  itself  as  a  shallower  or 
deeper  cup-shaped  depression,  termed  the  "  calice."  Within 
the  calice  is  contained,  in  the  living  state,  the  stomach-sac  of 
the  polype  ;  and  the  visceral  chamber  below  the  calice  is  sub- 
divided into  a  number  of  vertical  compartments — the  "  in- 
terseptal  loculi" — this  subdivision  being  effected  by  means 
of  calcareous  partitions  or  "  septa,"  which  spring  from  the 
inner  wall  of  the  theca,  and  are  directed  inwards  towards 
the  centre.  The  "  septa  "  correspond  with  the  "  mesenteries  " 
of  the  living  animal,  with  which  they  agree  in  number  and 
size.  Some  of  them — the  so-called  "  primary  septa  "—are 
much  wider  than  the  othere,  and  may  extend  far  enough 
inwards  to  meet  in  the  centre  of  the  visceral  chamber  (fig. 
70,  a).     Othere  of  the  septa  fall  sliort  of  the  centre  by  a 


Ffg.  TO.^nUgnm  of  the  UTADgem«Dt  of  the  Mpt&  In  Iht  ZoanU 

"  outiids.  the  liKenl  chimbtr  Hid  ndlitlDg  sepU 
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greater  or  less  distance,  and  are  known  as  the  "  secondary  " 
and  "  tertiary  "  septa,  according  to  their  width.  In  tlie  centre 
of  the  visceral  chamber  there  may  or  may  not  be  an  axial 
calcareous  rod,  known  as  the  "  columella  "  (fig.  70,  a).  The 
structure  of  the  columella  varies  in  different  cases,  but  it 
extends,  typically,  from  the  floor  of  the  visceral  chamber  to 
the  bottom  of  the  calice,  into  which  it  projects  for  a  greater 
or  less  distance,  and  the  primary  septa  are  often  closely  con- 
nected with  it. 
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The  number  of  the  septa  (when  present  at  all)  varies,  but 
there  are  never  leas  than  six  of  these  structures,  and  however 
great  the  number  may  be,  a  "  kexameral "  arrangement  of  the 
septa  can  be  ttsually  more  or  less  clearly  demonstrated  in  the 
corallum  of  the  Zoaniharia  sderodermata.  Hence  the  name 
of  Hexacoralla  often  applied  to  this  group  of  corala.  While 
the  rule  among  the  ZoarUharia  sclerodermaia  is  that  the  septa 
are  arranged  in  six  si/stems  (see  fig.  70,  a),  and  are,  however 
numerous,  some  multiple  of  six,  there  are  cases  in  which  no 
such  hexameral  arrangement  is  demonstrable. 


ing.  7i.~CaiyoplitiOia  (Pgaaiia)  BoictrlajM,  from  tbs  Oault  {Ctetaosoiu).  The  Isft-hiud 
Hgnre  repreHoli  a  qKCUnen  ImperTKt  ibove,  ud  taliTeed,  ibawliig  Uie  taberRulBted  toatm. 
Tba  light-huid  Bgan  !•  ■  nugnifled  cnm^ection,  ■hewing  the  sepu  ud  pal<.  (After  HUse- 
Edwudi  ud  Hilms.) 

Ab  connected  with  the  septa,  we  may  also  notice  here  the 
structures  which  are  known  as  "pali."  These  are  "small 
processes  which  exist  between  certain  septa  and  the  columella 
(fig.  71).  They  generally  arise  from  the  base  of  the  visceral 
cavity,  or  close  to  it,  and  pass  upwards,  united  by  one  edge 
to  the  columella,  and  by  the  other  to  the  inner  end  or  mai^in 
of  the  septa.     When  there  is  no  columella,  they  are  adherent 
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to  the  septa,  preseDt  a  free  edge  to  the  cavity  in  the  axia  of 
the  coraUom,  and  arise  with  the  septa  "  (Duncan).  They  are 
only  occasionally  present 

The  septa,  further,  may,  for  all  practical  purposes,  be  re- 
garded as  being  continued  in  the  ZoarUharia  aderodermata 
thnmgh  the  wall,  so  as  to  become  visible  on  the  exterior. 
The  outer  surface  of  the  tbeca  tiixa  comes  to  be  covered  widi 
a  series  of  vertical  ridges  or  ribs,  which  are  termed  the 
"coatffi"  (figs.  70  and  71).  The  costse  vary  much  as  to  the 
distance  by  which  they  are  separated  from  one  another,  and 
as  to  their  breadth,  their  solidity,  and  their  ornamentation 
with  spines,  tubercles,  or  teeth. 

Theoretically,  the  "  interaeptal  loculi "  are  vacant  spaces 
or  vertical  compartments,  bounded  laterally  by  the  septa,  aud 
extending  from  the  lower  and  lateral  surfaces  of  the  theca  to 
the  floor  of  the  calice  In  practice,  however,  the  continuity 
of  the  interseptal  loculi  is  liable  to  be  more  or  less  interfered 
with  by  the  development  of  the  structures  known  as  "  sym- 
apticvla:"  "  dissepimejits,"  and  "  idbukB."  The  "  syuapticulee  " 
are  transverse  calcareous  bars  which  stretch  across  the  inter- 
septal loculi,  and  form  a  kind  of  trellis-work,  uniting  the 
opposite  faces  of  adjacent  septa.  They  are  characteristic  of 
the  Fungida.  The  "  dissepiments  "  are  commonly  present  in 
a  great  many  corals,  and  have  the  form  of  incomplete,  ap- 
proximately horizontal  plates,  which  stretch  between  adjacent 
septa,  and  break  up  the  interseptal  loculi  into  secondary 
compartments  or  cells.  Lastly,  the  "fabulse"  may  be  re- 
garded as  highly  developed  dissepiments,  and  like  them,  are 
approximately  horizontal,  as  a  rule,  at  any  rate.  They  differ 
from  the  dissepiments  in  tie  fact  that  they  cut  across  the 
interseptal  locnli  at  the  same  level  When  fully  developed 
(%.  72),  they  are  transverse  plates,  which  extend  completely 
.  across  the  visceral  chamber,  and  divide  it  into  a  series  of 
storeya  placed  one  above  the  other,  the  only  living  portion  of 
the  coral  being  above  the  last-formed  tabula.  TabuUe  are 
found  in  various  of  the  Zoanlharia  tderodermaia,  in  some  of 
the  AleyoTiaria,  and  in  a  great  many  of  the  Bugosa. 

The  above  is  the  essential  structure  of  the  typical  form  of 
a  simple  sclerodermic  coral,  and  it  is  easy  to  see  that  it  is 
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produced  by  the  calcification,  or  conTersion  into  carbonate  of 
lime,  of  the  lower  portion  of  a  polype  similar  in  structure  to 
an  ordinary  Sea-anemone.  The  "  theca  "  of  the  coral  corre- 
sponds to,  and  is  secreted  by,  the  "  column-wall "  or  general 
wall  of  the  body  of  the  polype.  Tlie  "  septa,"  ^ain,  corre- 
spond with  the  "  mesenteries,"  and,  like  them,  are  "  primary," 
"  secondary,"  or  "  tertiary,"  according  as  they  reach  the  centre 
or  fall  short  of  it  by  a  greater  or  less  distance.  We  must 
remember,  however,  that  it  is  only  the  inferior  portion  of  the 
body  of  tlie  polype  which  is  thus  calcified.  The  tentacular 
disc  and  mouth  are  placed  at  some  distance  above  the  upper 
margin  of  the  theca,  and  the  digestive  sac  occupies  the  caJice ; 


whilst  the  whole  of  the  space  comprised  within  the  theca  is 
lined  by  the  endoderm,  and  the  whole  of  its  outer  surface  is 
covered  by  the  ectoderm. 

Having  now  considered  the  general  structure  of  a  simple 
sclerodermic  corallum,  as  produced  by  a  single  polype,  we 
must  glance  for  a  moment  at  that  of  a  compound  corallum  of 
the  same  group.  Such  a  corallum  is  the  aggregate  skeleton 
produced  by  a  colony  of  polypes,  each  of  which  is  essentially 
similar  to  a  Sea-anemone  in  structure,  and  it  varies  in  size 
and  form  according  to  the  characters  of  the  colony  by  wliicli 
it  is  produced.  Such  a  colony  (fig.  73)  consists  of  a  number 
of  polypes,  which  may  spring  directly  from  one  another,  or 
which  may  be  united  by  a  common  flesh  or  "  coenosarc,"  and 
corresponding  differences  are  found  in  the  resulting  corallum. 
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In  the  former  instance,  as  previously  remarked,  the  compound 
corallum  conaists  of  an  aaaembla^  of  separate  "  corallites," 
as  the  skeletons  of  the  individual  polypes  are  called,  these 
being  united  with  one  another  directly  and  in  various  ways. 


tilling  cmdlllou. 

Tn  the  latter  instance  the  corallum  consiste  of  a  number  of 
"  corallites,"  and  of  a  common  calcareous  basis  or  tissue,  which 
unites  the  various  corallites  into  a  whole,  is  secreted  by  the 
ccenosarc,  and  is  known  as  the  "  ccenenchyma," 

The  compound  corolla  are,  of  coura«,  primitively  simple,  and  tliey 
liecome  composite  either  b;  budding  or  by  cleavage  of  the  origitiol 
polype.  The  following  are  the  principal  methods  in  which  this  increase 
is  effected  ;  and  in  considering  tbie  suliject  briefly,  it  will  be  ae  well  to 
take  into  account  not  only  the  Zoantharia  aclerodtrmata,  but  also  the 
Bvgom,  the  modes  of  increase  in  the  two  groups  being  very  similar  : — 

1.  Lateral  or  parietal  gemmation. — In  this  mode  of  increase  the  original 
polj'pe  tbrows  out  buds  from  some  point  on  its  aides  between  tlie  bo^e 
and  the  circle  of  tentacles,  and  these  buds  on  heconiing  perfect  corallites 
may  repeat  the  process.  This  is  one  of  the  commonest  modes  of  growth 
amongst  the  recent  corals,  and  it  gives  rise  chiefly  to  dendroid  or  tree- 
like corals. 

2.  Baial  gemmation, — In  this  method  the  originul  polype  gives  furtli 
from  its  base  a  radimentary  ccenosarc,  from  which  new  buds  are  thrown 
up,  and  which  may  have  the  form  of  root-like  prolongations  or  of  a  con- 
tinuous horizontal  expansion.  The  resulting  coralla  are  usually  massive 
or  incrusting,  and  the  youngest  corallites  are,  of  course,  those  placed  on 
the  periphery  of  the  colouj*. 
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3.  CalieultiT  gemmalion,  —This  condsts  in  the  production  of  buds  from 

the  calicine  disc  of  the  parent  coraUite,  which  may  or  may  not  continue 

to  grow  tliereafter,  whilst  the  new  corallitea  thus  produced  generally 

repeat  the  process.    This  mode  of  growth  is  exceedingly  rare  amongst  the 

Zoanllutria  seiercdermaUi,  and  is  never  typically  exhibited ;  bnt  it  is  a 

characteristic  feature  in  many  of  the  Rugate  corals.    In  many  of  these 

(fig.  74),  the  original  polype  tiirows  up  from  il«  calicine  disc  one  or  more 

new  corallites,  which  kill  the  parent    These,  in  turn,  produce  others 

after  a  similar  fashion,  till  the  entire 

corallum  assumes  the  form  of  an  in- 

Terted  pyramidal  mass  resting  upon  the 

original  budding  polype.     In  other  Riir- 

gnM  corala  the  calicine  disc  gives  off 

but  a  single  bud,  which  may  repeat  the 

process    indefinitely   tilt    the  corallum 

presents  the  appearance  of  a  succession 

of  inverted  cones  placed  one  above  the 

other. 

4.    Fimwn.  —  This    process    in    the 
coralligenouH   Actiiuaoa  is  usually  ef- 
fected by  "  oral  cleavage,"  the  divisional 
groove  commeucing  at  the  oral  disc,  and 
Fig.  -*.-&aicultir  guonutlon   M     deepening  to  a  greater  or  less   extent. 
Ken  In  Lmudalila  forilarmi:     Cti-        ,  ?      ,  .         .  . 

boniterou*.  the  proximal  extremity  always  remain- 

ing undivided.  According  to  Dana,  in 
liasion  a  new  mouth  is  formed  in  the  di»c  near  the  old  mouth,  and  a 
new  stomach  is  formed  for  the  new  mouth,  round  which  the  new  ten- 
tacles are  then  developed.  This,  therefore,  is  not,  strictly  speaking,  a 
subdivision  into  halves ;  since  one  half  carries  off  the  old  mouth  and 
stomach.  More  rarely,  fiasion  "is  effected  by  the  separation  of  small 
portions  from  the  attached  base  of  the  primitive  organism,  whose  form 
and  structure  they  subsequently,  by  gradual  development,  tend  to  as- 

"The  coral-structures  which  result  from  a  repetition  of  the  fissjpar- 
ous  process  are  of  two  principal  kinds,  according  as  they  tend  most  to 
increase  in  a  vertical  or  in  a  horiiambd  direction.  In  the  first  of  tliese 
cases  the  corallum  is  etapitoie,  or  tufted,  convex  on  its  distal  aspect,  and 
resolvable  into  a  succession  of  short  divei^ng  pairs  of  branches,  each 
resultiDg  from  the  division  of  a  single  coraUite."  In  the  second  case 
the  coral  becomes  iamtUar.  "Here  the  secondary  corallites  are  united 
throughout  their  whole  height,  and  disposed  in  a  linear  series,  the  entire 
mass  prssenting  one  continuous  theca."  Both  these  forms  of  corallum 
"are  liable  to  become  TTiainn;  by  the  union  of  several  rows  or  tufts  of 
corallites  throughout  the  whole  or  a  portion  of  their  height  An  illus- 
tration of  this  is  afforded  by  the  large  gyrate  corallum  of  Mtandrina,  over 
the  surface  of  whose  spheroidal  mass  the  calicine  region  of  the  combined 
corallites  winds  in  so  complex  a  manner  as  at  once  to  suggest  that  re- 
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lemblance  to  the  convolntions  of  the  lirain  which  ite  popnlar  name  of 
'    Brain-stone  Coral  has  been  devised  to  indicate  "  (Greene). 

As  to  their  habitat  and  di^ribution  in  space,  all  the  living 
Zoaniharia  sclerodermata  are  iuhabitantfl  of  the  sea,  and  there 
ia  no  reason  to  suppose  that  any  of  the  fossQ  forms  were 
other  than  marine.  At  the  present  day,  also,  they  attain 
their  maximum  development  in  varm  seas ;  and  this  was 
probably  the  case  in  past  times  too.  In  existing  seas,  further, 
as  has  been  specially  insisted  on  by  Professor  Martin  Duncan, 
we  find  two  great  groups  of  the  Sclerodermic  ZoarUharia — 
viz.,  those  which  inhabit  tolerably  deep  water,  and  those  which 
build  the  great  masses  of  coral  which  are  known  as  "  coral- 
reefs."  The  deep-sea  corals,  though  often  attaining,  as  in- 
dividuals, a  considerable  size,  and  though  often  compound, 
never  form  massive  aggr^ations  or  "  reefs."  This  is  due  to 
the  fact  that,  when  composite,  the  separate  corallites  are  not 
united  blether  by  a  lax  cellular  coenenchyma,  so  that  the 
colony  cannot  increase  to  an  indefinitely  lai^e  size.  The 
deep-sea  corals  seem  to  have  existed  in  all  the  great  geological 
periods,  bom  the  Silurian  upwards.  The  chief  genera  of  this 
group  at  the  present  day  are  Caryophyllia,  Baianopkyllia, 
Flabdlum,  Sesmophyllum,  and  SpkenotToekus,  amongst  the 
simple  forms ;  and  ZopkoMia,  AmpkUidia,  Dendrophyllia, 
and  Aatrangia,  amongst  the  compound  forma 

The  reef-building  corals,  when  simple,  are  provided  with 
special  structures  which  enable  the  polypes  to  grow  rapidly. 
The  great  meyority  of  the  reef-builders,  however,  are  com- 
pound, and  owe  the  lai^e  size  to  which  they  attain  to  the 
fact  that  the  corallites  are  mostly  united  by  a  loose  cellular 
ccenenchyma.  The  chief  genera  of  reef-building  Zoanlharia 
in  Mesozoic,  Eainozoic,  and  Becent  times,  belong  to  the 
families  of  the  Astrceidce,  Poritidee,  and  Madreporida,  though 
the  Ocidinidm  and  JPu7igid(e  also  contribute  to  the  formation 
of  reefs. 

In  the  Palveozoic  period,  if  true  "  reefs "  can  be  said  to 
have  existed  at  all,  they  were  built  up  essentially  by  Rugose 
corals.  In  Mesozoic  times,  however,  true  coral-reefs  existed 
towards  the  close  of  the  Trias  in  Western  Europe,  and  largely 
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in  Oolitic  times  botli  id  Weatera  Europe  and  in  England. 
In  the  earlier  portioo  of  the  Tertiary  period,  again,  vast  coral- 
reefs  were  formed  in  Central  and  Southern  Europe,  in  S^pt, 
Syria,  and  Arabia,  and  in  parts  of  India. 

As  to  the  dwtributwn  in  time  of  the  Zowntharia  sclerodrr- 
Tnata,  it  is  difficult  to  speak  with  precisioii,  as  much  doubt 
obtains  as  to  the  true  systematic  position  of  many  ancient 
forms  often  referred  to  this  group.  It  may  be  certainly 
affirmed,  however,  that  the  group  attained  no  strikingly  pre- 
dominant position  -during  the  whole  of  the  PalEeozoic  epoch  ; 
that  it  underwent  a  great  development  in  the  Secondary 
and  Tertiary  periods ;  and  that  it  has,  perhaps,  reached  its 
maximum  at  the  present  day. 

The  ZoatUharia  sclerodermala  were  divided  by  Milne- 
Edwards  and  Haime  into  the  four  sections  of  the  Ap&rosa, 
Fer/orata,  Tabalaia,  and  Tubulosa,  of  which  the  two  first 
are  large  and  natural  divisions,  while  the  two  latter  are  of 
doubtful  affinities  and  uncertain  value.  We  shall,  however, 
briefly  consider  the  characters,  geolc^cal  distribution,  and 
;  types  of  each  of  these  sections. 


I. — Apobosa. 

Tiie  Aporose  Zoantltaria  possess  a  coraUum  composed  of 
more  or  leas  compact  calcareous  tissue,  the  "  theca "  or  wall 
surrounding  the  visceral  chamber  being  coinpleie,  and  rarely 
•perforated  by  apertures  or  pores.  The  septa  are  well  devel- 
oped, and  usually  constitute  complete  lamellse;  and  though 
dissepiments  or  synapticula:  are  present,  tabulae  very  rarely 
exist. 

Taken  as  a  whole,  the  Aporoaa  are  an  essentially  Sec- 
ondary and  Tertiary  group,  being  represented  during  both 
these  periods  by  an  immense  vsriety  of  types.  In  the 
Falseozoic  period,  there  is  still  some  doubt  as  to  the  precise 
position  and  structure  of  some  of  the  corals  which  have  at 
one  time  or  another  been  regarded  as  ancient  forms  of  the 
Aporosa.  The  Silurian  genus  Pak^cydus,  usually  referred 
to  the  FungidcE,  appears  to  belong  rather  to  the  Rvgosa ;  but 
it  is  poasible  that  the  genus  Cdumnaria  (Favisiella),  from  the 
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same  formation,  should  be  looked  upon  as  a  tabulate  form  of 
the  Astneida.  By  Prof,  Martin ,  Duncan,  the  BtUter^yyia  of 
tlie  Devonian,  and  the  Heterophyllia  of  the  Carboniferous,  are 
considered  old  types  of  the  Astrmdce.  Lastly,  some  of  the 
forms  placed  in  the  badly-characterised  genus  Petraia,  of  the 
Silurian  and  Devonian,  may  very  probably  turn  out  to  be 
Turbinolida:,  and  this  may  poasibly  be  the  place  of  the 
Silurian  I>ancanella. 

The  Aparosa  are  divided  into  the  following  families  r — 
1.  TuThin(didcc.^\\i  this  family  the  corallum  may  be 
simple  or  compound,  but  in  the  latter 
case  it  is  without  a  ccenenchyma.  The 
interseptal  loculi  are  open  from  top  to 
bottom,  and  are  not  crossed  by  dissepi- 
ments or  synapticulte ;  and  the  septa  are 
mostly  granulated  on  their  sides.  Leaving 
the  doubtful  ancient  forms  {Petraia  and 
Duncanella)  out  of  sight,  the  family  makes 
its  first  certain  appearance  in  the  Lias 
{Thecocy(Uhm).  In  the  Cretaceous  numer- 
ous forms  are  known,  and  in  the  Eocene 
Tertiary  a  still  greater  development  of  this 
type  takes  place,  after  which  the  family 
b^ns  to  decline  in  numbers  to  the  pres- 
ent day. 

In  Tnrbinolia  itself  (fig.  75)  the  coral- 
lum ia  simple  and  conical,  with  a  styliform 
columella,  but  without  pali.      The  costte 
are   very  prominent,   and   the   spaces  be- 
tween   them    are    marked    with    rows    of 
small   dimples,  which   look   like   perfora- 
tions  in    the   wall,   but   wliich  re»Uy  do    »inu<.  -lieap^Hgiii^ 
not   penetrate    to    the   visceral    chamber.    J^*  ^,S"uil"  ™i* 
The  genua  is  characteristic  of  the  Eocene    "«  ''™"  *«™>  ■''<™' 
period.     Flaieilum,  ranging  from  the  Eo-    nmeita  uid  pmiu^  «nd 
cene  Tertiary  to  the  present  day,  is  nearly    ^^ne.        """^ 
allied  to   Turbinolia,  but  the  corallum  is 
compressed,  so  as  to  produce  an  elliptic  form  of  calice,  and 
the    wall    is   covered   with   a  thin   epitheca.     Caryopkyllia, 
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ranging  from  tlie  Cretaceous  to  the  present  day,  is  another 
close  ally  of  Turhinolia,  from  vhich  it  differs  principally  in 
the  poesesaion  of  a  crown  of  "pall"  (fig.  71);  vhile  the 
■widely  distributed  Troehoci/athus  of  the  Jurassic,  Cretaceous, 
and  Tertiary  formations,  possesses  more  than  one  circle  of 
these  structures. 

2.  I'seudcturbinolida. — In  this  family  we  have  only  the 
extinct  genus  Da^mui,  of  the  Cretaceous  and  Tertiary,  in 
which  the  corallum  is  in  most  respecta  similar  to  that  of 
the  TurbiTiolidaf  proper,  but  each  septum  is  composed  of 
three  laminie  united  externally  by  a  single  costa. 

3.  Oculinidce. — The   corallum   in   this    family   is    always 


Fig.  7t.—Syn>iiHa  SAarfwno.    CietaraouM. 

compound  (fig.  76),  with  an  abundant  and  compact  ccenen- 
chyma,  its  surface  smooth  or  striated,  but  never  echinulate. 
The  wall  of  the  coraUites  is  imperforate,  not  distinct  from 
the  ccenenchyma,  the  lower  portion  of  the  visceral  chamber 
becoming  filled  up  with  advancing  ags.  A  few  dissepiments 
are  present,  but  no  syuapticulte. 

The  Ocuiinidfe  appear  for  the  first  time  in  the  Oolitic 
rocks  {Euhelia,  Enailohdia),  and  are  also  represented  in  the 
Cretaceous  {Synhdia,  fig,  76,  and  Diblasus).  In  the  Eocene 
Tertiary  we  meet  with  Oadi-aa  itself,  with  its  arborescent 
corallum  and  nearly  smooth  coenenchyma.  The  well-known 
lirii^  genera  Lopkohdia  and  Ampkihdia  are  found  in   the 
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late  Tertiariea,  and  IHplohelia  is  Eocene  and  Miocene.  From 
the  reBearches  of  Verrill,  it  would  appear  that  Pocillopora 
(Miocene  to  Becent),  formerly  referred  to  the  Tahdaia,  should 
be  placed  here,  In  which  case  we  have  a  member  of  this 
family  exhibiting  "tabuhe"  in  a  well-marked  form,  these 
stmctures  being  occasionally  present  in  Zophoheiia  also. 
Probably  the  genos  Smatopora  (which  has  been  said  to 
occur  even  in  the  Falseozoic  rocks)  should  likewise  be 
referred  to  this  family.  On  the  other  hand,  the  Limits  of 
the  group  have  been  contracted  in  another  direction  by  the 
removal  of  StylasUr  and  allied  genera  to  the  Hydrozoa. 

4.  A^rcBidcc. — In  this,  the  most  important  of  all  the 
families  of  the  ZoarUharia  sderodermata,  the  corallum  may 
be  simple  or  compound,  usually  increasing  in  the  composite 


forms  (fig.  73)  by  fission.  There  ia  no,  or  little,  ccenenchyma, 
but  an  abundance  of  dissepiments,  without  synapticulse  or 
tabulse. 

Little  is  known  of  the  distribution  of  Aaineulm  in  the 
Palseozoic  period,  but,  as  before  said,  Dr  Martin  Duncan,  one 
of  the  highest  of  authorities  on  this  subject,  regards  the 
Devonian  Batttnibyia  and  the  Carboniferous  Hderophyllia.  as 
ancestral  and  aberrant  types  of  the  family  {Palastrceidoi).  If 
it  were  not,  also,  for  the  presence  of  tabulse,  we  should  place 
the  Silurian  genus  Ctdumnaria  in  this  family,  and  as  it  is 
now  admitted  that  tabulse  have  little  or  no  systematic  sig- 
nificance, it  is  difficult  to  see  how  this  old  form  can  be 
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excluded  from  the  Adneidte.  In  the  ColumnaruB  proper 
( =  Faviddla)  the  septa  are  viiy  well  developed,  but  in 
other  forms  often  referred  here  (fig.  77)  the  septa  are 
rudimentary.  • 

Leaving  the  Paheozoic  period,  we  find  a  great  develop- 
ment of  AsirceidcB  to  take  place  towards  the  close  of  the 
Trias  where  the  family  ia  represented  by  numerous  and  varied 
types ;  a  still  further  expansion  takes  place  in  the  Oolites ; 
very  numerous  forms  are  met  with  in  the  Cretaceous,  and 
though  there  is  some  decrease  in  the  Tertiaries,  this  great 
family  still  holds  its  ground  as  the  most  important  group  of 
the  "  reef-building  "  corals. 

Of  the  many  genera  of  this  family,  only  two  or  three  of 
the  most  important  can  be  so  much  as  alluded  to  here.     Of 
the  simple  forms  of  the  family,  we  may" 
take  Monilivaltla  (fig.  78),  and    TrockoS' 
milia  as    typical  examples — the  former 
genus  ranging,  under  many  specific  forms, 
from  the  Triassic  to  the  Tertiary  inclu- 
sive ;   while   the  latter,   also   with  many 
species,  begins  in  the  Jurassic,  and  con- 
tinues   to    the    later   Tertiaries.       These 
simple  types  may  be  regarded  as  transi- 
Fig.  re  — *imUiM(i(a    tioual   between   the   Astrmida    and    Tur- 
ST-^UX'-d^Ci    ^^«^"^-      Such  forms  83.  JS^cosmi/m  (fig. 
epitfaea  coTsring    uw     79)^  i^in,  may  be  compared  to  a  colony 
oreti  ooute.  of    MontHvoltuE,    the    separate    corallitf^ 

being  bound  together  by  a  strong  "epi- 
theca,"  and  united  into  a  tufted  corallum.  The  species 
of  the  genus  are  numerous,  and  are  found  in  the  Juras- 
sic, Cretaceous,  and  Tertiary  periods.  In  a  third  group 
of  AnirceidiB  we  have  very  numerous  and  important  forms, 
which  ^ree  with  the  last  mentioned  in  being  compound,  but  * 
in  which  the  corallum  consists  of  numerous  closely-approxi- 
mated corallites,  produced  by  fission,  and  giving  rise,  as  a 
rule,  to  massive  "  astneiform  "  colonies.  Of  these  "  etar- 
corals,"  AstrcEa  itself  may  be  taken  as  the  type,  though  not 
known  to  have  existed  earlier  than  the  Tertiary.  In  the 
Secondary  period,  however,  wo  have  a  vast  development  of 
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fonns  more  or  less  closely  related  to  the  living  Asireea,  such 
as  IVionastr(ea,  Isastirea  (fig.  80),  StplasirtBa,  Convexastnea, 
Thamnastraa,  HdiastrcBa,  &c     Lastly,  not  to  meatioo  others, 


ng.  T9.— TlKfonUlfa  oitniifiirii.    Conl'isg.  England. 

we  have  a  group  of  forms  very  similar  to  the  preceding,  but 
having  the  calices  of  the  separate  corallites  more  or  less  com- 
pletely confluent  with  one  another.      As  examples  of  this 


iwllcu  Hiiu^.    Jurassic  (Portland  Oulltc). 

group,  we  may    take  Meandrina  (the  "  Brain-corals  "),  J^tti- 
■meantlra,  and  Diploria. 

5.  Fvngida. — In  this  group,  the  corallum  is  simple  or 
compound,  usually  discoidal  or  laminar,  the  calices  sliallow 
VOL.  I.  N 
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Rod  open  in  the  simple  forms,  confluent  in  the  compound 
forms,  with  complete  imperforate  septa,  the  edges  of  which 
are  dentate  ;  while  the  interseptal  loculi  are  crossed  by  num- 
erous trellis-like  bars  ("  aynapticulfe  ").  The  wall  is  generally 
basal — In  the  discoid  forms  always  so — and  is  generally 
perforated  by  apertures.  There  are  no  dissepiments  nor 
tabulie. 


If  we  except  the  Silurian  Palwocydus  (which  appears  to  be 
truly  a  Ritgose  Coral),  the  Fungidm  are  not  known  to  have 
existed  prior  to  the  Jurassic,  in  which  they  are  represented 
by  numerous  forms  (Comoseris,  Protoseris,  Anabacia,  &c.) 
Numerous  forms  are  known  in  the  Cretaceous,  and  there 
is  also  a  considerable  number  of  Tertiary  species.  As  an 
example  of  the  family  we  may  take  the  genus  CydolUea  (fig. 
81),  which  ranges  from  the  Cretaceous  to  the  Miocene  Ter- 
tiary inclusive.  In  this  genus  the  corallum  is  simple  and 
discoid,  with  a  concentrically  -  striated  baaal  epitheca  and 
numerous  delicate  septa.  Micrabacia,  of  the  Cretaceous,  is 
like  CycMites,  but  has  no  epitheca,  and  has  its  basal  wall 
l)erforated ;  while  in  the  Jurassic  Anabaaa,  also  very  similar 
to  the  preceding,  tlie  basal  wall  is  imperfect,  so  that  the 
under  side  of  the  disc  is  covered  by  the  projecting  septa. 

6.  PsetidofuHgidw. — ^This,  the  last  family  of  the  Aporosa, 
merely  requires  mention,  as  affording  a  connecting  link 
between  the  Fiiiujidce  and  Astrmdce,  the  corallum  agreeing 
with   the  former  in  having  a  perforated   basal  plate,  but 
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resembling  the  latter  in  having  no  synapticulfe,  and  in  pos- 
sessing dissepiments.  The  only  genus  of  this  family  is 
3ferulina,  and  it  is  not  known  to  possess  any  fossil  repre- 
sentatives. 

II. — Peefobata. 

In  the  Per/orate  section  of  the  Zoanikaria  sderodermaia, 
the  calcareous  tissue  of  the  corallum  is  more  or  less  porous, 
often  spongy  or  reticulate,  the  "wall "  of  coralliles  being  always 
per/orated  by  more  or  fewei-  apertures.  The  septa  may  be 
■well  developed,  but  they  are  usually  more  or  less  porous,  and 
are  sometimes  represented  by  mere  calcareous  traheculse.  There 
may  be  imperfect  dissepiments,  and  sometimes  there  are  well- 
developed  tabulse,  but  in  general  the  visceral  chamber  is  open 
from  top  to  bottom,  the  interseptal  locuH  being  continuous. 

Taken  as  a  whole,  the  Perforate  Corals  must  be  regarded' 
as  an  essentially  Tertiary  and  Recent  group.  The  only 
Palaeozoic  Corals  which  can  at  present  be  referred  to  the  Per- 
foi-ata,  with  anything  like  certainty,  are  the  Protarcea  of  the 
Lower  Silurian,  and  the  CaUatylia  of  the  upper  division  of  the 
same  formation.  The  Lower  Silurian  genus  Cdumvapora 
may  possibly  be  one  of  the  PorUvicB,  and  there  is  con- 
siderable probability  that  the  true  place  of  the  great  and 
important  family  of  PaUeozoic  Corals  termed  the  Fawsitidm 
is  truly  in  this  section,  but  we  shall  provisionally  consider 
these  among  the  Tabulata.  In  deposits  later  than  the 
Silurian,  the  only  forms  which  have  been  referred  here — 
namely,  Plewrodictywm  and  Palceaeis — are  certainly  wrongly 
placed,  the  former  being  founded  upon  casts  of  a  member  of 
the  FavosUidjjc,  while  the  latter  is  probably  a  sponge,  and 
is  apparently  not  a  coral.  In  the  Permian  tofiks,  the 
Trias,  and  the  Lias,  no  Perforate  Corals  are  known ;  and  in 
the  Oolitic  series  we  have  only  the  aberrant  genus  Microsolena 
{including  DendrartEa),  an  ancient  type  of  the  Poritida. 
In  the  Cretaceous  series,  however,  we  have  examples  of  all 
the  existing  families  of  this  section,  and  in  the  Tertiary 
period  we  find  a  great  development  of  Perforate  Corals,  the 
group  apparently  reaching  its  maximum  at  the  present  day. 
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The  Perforate  Corals  are  divided  into  the  following  three 
families — if  we  omit  the  FaxositiddB,  the  true  place  of  which 
is  still  uncertain ; — 

1.  Eupaammidas. — In  this  family  the  corallum  may  be 
simple  or  compound,  the  ivail  being  always  perforated  and 
granular,  wliile  the  septa,  though  comparatively  well  devel- 
oped and  lamellar,  are  generally  also  perforated.  There  is 
a  spongy  columella,  and  the  intereeptal  loculi  are  open,  or 
crossed  by  but  few  dissepiments. 


Fig  83.— fiHlopockin  ifdirfurlf,  vlsved  In  proUls  uil  rrom  aboVB.    Eocene  Tertiiry. 

The  most  ancient  type  of  the  Eupsammidce  is  the  Upper 
Silurian  Calostylia,  but  with  this  exception  the  earliest 
known  representatives  of  this  family  occur  in  the  Cre- 
taceous {Stepkaiuyphyllia),  and  there  is  a  considerable  ex- 
pansion of  the  group  in  the  Eocene  Tertiary.  In  Eupmm- 
mia  itaelf,  the  corallum  is  simple,  free,  and  turbinate 
in  shape;  and  Endopachi/s  (lig.  83)  is  essentially  the  same, 
except  that  it  is  much  compressed,  and  its  keeled  baae  is 
continued  into  two  wing-like  expansions.  BcUanopkyllia, 
ranging  from  the  Eocene  to  the  present  day,  is  also  simple, 
but  the  corallum  is  fixed ;  while  the  Cretaceous  and  Tertiary 
St^hanopkyllia  is  free,  simple,  and  discoid,  with  an  open 
circular  calyx.  Dendrophyllia,  agaio,  a  well-known  recent 
type,  is  composite,  the  corallum  increasing  by  lateral  gem- 
mation, 80  as  to  assume  a  dendroid  or  shrub-like  form.  It 
begius  in  the  Eocene  Tertiary. 

2.  Madreporidte, — The  members  of  this  family  are  dis- 
tinguished by  possessing  a  composite  corallum,  increasing 
by  gemmation,  the  various  corallites  being  united  by  an 
abundant  and  spongy  ccenenchyma.  The  walU  of  the  coral- 
lites are  not  distinct  from  the  coenenchyma,  and  are  porous. 
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and  the  septa  are  often  well  developed.  There  are  no  ayn- 
apticulie,  and  usually  no  dissepiments,  but  there  may  be 
tabulie.  The  family  makes  its  first  undoubted  appearance  in 
the  Cretaceous  (Acltnacis),  and  ia  largely  represented  in  the 
Tertiaries,  and  by  living  forma  in  the  "  coral-reef  region  "  of 
the  present  era. 

The  genus  Madrvpora  itself,  with  its  lobate,  ramose,  or 
fasciculate  corallum,  and  its  loose  and  delicately  echinnlate 
ccenenchyma,  appears  for  the  first  time  in  the  Eocene  Ter- 
tiary, and  survives  to  the  present  day ;  while  the  range  of 
the  allied  genus  Asirasopora  is  essentially  similar. 

3.  Poritidoi. — In  this  family  the  corallum  is  entirely 
made  up  of  reticnlated  calcareous  tissue  ("  sclercnchyma "). 


Fig.  83 AlTVfora  ifvivloKi,  one  of  the  ncent  PariMa  (iftor  Duu).     a,  Same  of  th? 

cnnllltca  cnt  vertically  mid  enluged,  glioiiliig  the  (abolie  and  the  perfbntsd  wrUb  ;  B,  View 
Df  Uh  callcea  Ttraa  *bove,  enlaiged. 

The  septa  are  not  lamellar,  but  are  composed  of  styliform 
processes,  which  constitute  by  their  junction  a  sort  of  trellis- 
work,  and  the  waUs  are  similarly  constructed  and  are  not 
distinct  from  the  ccenenchyma,  when  this  is  present.  There 
are  a  few  dissepiments,  but  generally  no  tabulte. 

The  oldest  known  types  of  the  normal  PitriiidcB  appear  in 
the  Silurian,  where  the  family  is  represented  by  the  curious 
ProtaTcm  and  the  nearly  allied  Slylartea,  both  of  which  are 
believed  to  be  closely  related  to  the  Tertiary  genus  lAthartea. 
In  the  Oolitic  rocks  we  meet  only  with  the  singular  genus 
Microsolena  (fig.  84),  but  in  the  Cretaceous  we  find  PorUeB 
itself.  In  the  Tertiary  rocks,  (^u,  the  family  is  well  re- 
presented, principally  by  the    still   existing  Poriits,  Aheo- 
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pora  (fig.  83),  and  Shodaraa.     The  genus  Alveopora  is  one 
of  special  interest,  as  its  corallites  are  provided  vith  well- 
developed  tabulie   (fig. 
83,  A).      The  closely- 
allied    Favositipora    of 
Mr  Saville  Kent,  found 
both   in  the  Devonian 
and    in  existing    seas, 
not  only  possesses  ta- 
bulse,  but  is  in  other 
respects  extremely  sim- 
ilar to  some  of  the  ^a- 
weiiidoi.     It  seems,  in 
fact,  impossible  to  doubt 
that  tlie   place   of  the 
■iramt)    large    and    principally 
Palfeozoic    family  just 
mentioned    is    in    the 
vicinity  of  the  Poritidw,  though,  in   deference  to  long  re- 
ceived and  still  current  systems,  we  shall  here  retain  it  in 
the  provisional  group  of  the  "  Tabulate  Corals." 

III. — Tabulata 

The  group  of  the  "  Tabulate  Corals,"  as  founded  by  Milne- 
Edwards  and  Haime,  included  a  large  number  of  corals,  in 
many  respects  very  unlike  each  other,  but  characterised  by 
the  rudimentary  condition  or  absence  of  the  septa,  conjoined 
with  the  presence  of  well  -  developed  tabulee  dividing  the 
visceral  chamber  into  so  many  distinct  stories.  It  is  now 
known,  however,  that  the  presence  of  tabular  cannot  be  re- 
garded as  a  point  of  any  great  classificatory  value  ;  and  the 
researches  of  naturalists,  and  especially  of  Verrill  and 
Moseley,  into  the  structure  of  living  forms  have  shown  that 
the  various  recent  "  Tabulate  Corals  "  are  of  the  most  diverse 
nature.  Thus  it  has  been  shown  that  Podllopora  (and  prob- 
ably SeriatffpoTa  also)  is  a  true  Aporone  Zoantharian,  On 
the  other  hand,  the  living  Hdiopora  is  not  a  Zoantharian  at 
all,  but  a  genuine  Alcy<marian ;  and  this  discovery  removes 
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to  the  Aleyonaria  the  great  group  of  extinct  "  Tabulate 
Corals "  of  which  Hdioliies  is  the  type.  Lastly,  MUUyxtra, 
as  origiaally  affirmed  by  A^^asslz,  has  been  shown  to  be  like- 
wise not  a  Zoantharian,  but  to  be  referable  to  the  Eydrozoa. 

In  spite  of  these  great  deductions,  there  still  remain  some 
extinct  groups  of  corals  which  may,  in  the  meanwliile,  be 
retained  to  form  the  section  Taimlata,  though  their  true 
affinities  and  systematic  position  are  matters  of  great 
doubt. 

1.  Favomtida. — The  first  of  these  groups  comprises  the 
well-known  "  honeycomb  "  corals,  and  is  almost  exclusively 
FalfBozoic  in  its  range.  In  all  the  members  of  this  family 
the  corallum  is  compound,  the  septa  are  rudimentary  or 
absent,  the  tabuUe  are  extremely  well  developed,  and 
the  walls  of  the  condliles  are  perforaled  Tnore  or  less  freely 
loith  apertures  or  "mural  pores"  (fig.  72).  In  their  per- 
forated walls  and  general  structure  the  Fwoosiiidte  make 
sucli  a  near  approach  to  such  living  genera  as  Alveopora  and 


Hg.  M.— Portion  of  s  maM  of  F<ii-oiUa  Tig.  SB,— Fragment  of  Farotila  lEmim^,u- 

CoManditB^   of  the  nAtunJ  Blat      Upper  sia)  AemltpAerica,  of  tbA  lutunJ  ilie.    Up- 

SILuriftD    uhI    Devonian    of    Borope    and  per   SIlurlBn  mnd    Davonlui    of   Amedrj. 

Aiuerlu.    <OriKina).)  (Afler  BilUnga.) 

FavosUipora,  that  it  seems  certain  that  they  will  ultimately 
be  removed  from  the  "  Tahwlala,"  and  will  be  placed  in  the 
Zoanthuria  Perforata,  in  or  near  the  family  of  the  Pori- 
tidee. 

The  type-genus  of  this  family  is  FavosUes  itself,  with 
many  species  in  the  Silurian,  Devonian,  and  Carboniferous 
rocks.  The  corallum  in  this  genus  is  massive  or  brancheil, 
composed  of  more  or  less  prismatic,  closely  approximated 
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corallites,  which  are  often  enveloped  Laaally  bj  a  common 
epitheca,  and  have  their  walls  pierced  by  one  or  more  rows 
of  r^ular  apertures  ("  mural  pores  ").  The  septa  are  absent 
or  spiniform,  and  the  tabulse,  though  usually  complete,  are 
sometimes  imperfect  (UmiTwnsia,' 6g.  86).  The  genus  Michc- 
linia  (fig.  87)  possesses  a  corallum  very  like  that  of  the 
massive  forms  of  Favosites ;  but  the  epitheca  is  often  fur- 
nished with  root-like  prolongations,  the  tahube  are  arched 
and  somewhat  vesicular,  and  the  mural  pores  are  numerous 
and  usually  irregularly  distributed.  The  genus  is  essentially 
Devonian  and  Carboniferous. 


Fv- V-— UHMimaemvaa  (,D'Orb[gaf).    Betanlu. 

In  the  genus  Alveolites,  f^in,  paleeontologists  usually  in- 
clude a  number  of  branching  or  massive  corals,  which  agree 
with  FavosUes  in  most  respects,  but  which  have  short  obliqve 
corallites,  with  sub-triangular  or  crescentic  calices  (fig.  88). 
Nearly  allied  to  Alveolites  are  the  genera  Cceniies  and  Pachy- 
p&ra,  of  the  Silurian  and  Devonian.  Of  the  remaining 
genera  of  the  Favositidee,  Striatopora  (fig.  89),  of  the  Silu- 
rian and  Devonian,  ia  remarkable  for  the  form  of  its  calices ; 
and  Koninckia  is  specially  noticeable  as  being  found  in  strata 
as  young  as  the  Cretaceous, 

2.  Chcetetidce.—lxi  this  family  we  have  a  great  number  of 
Palitozoic  corals,  in  whicli  there  is  a  compound  corallum 
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(fig.  90),  composed  of  closely  approximated  corallites,  des- 
titute of  septa,  provided  with  well-developed  tabube,  and 
differii^  from  the  FavosUidiE  chiefly  in  the  fact  that  the 
■umlls  of  Ihe  eortdlites  are  imperforate.     Though  rangii^  from 


^ 


%f: 


'x^^' 


r 


F)g.  SS — n,  Fngmenl  of  AlveolUa  nntifun,  of  the  natural  h1»  ;  b.  Portion  of  the  uiiii^ 
anUrgcd,  (having  the  i»Ui»« ;  c,  Fngmeiit  of  Alvmlita  BUHagii,  ot  the  utunl  slu. 
Devonkan.    (UiigluaL) 

the  Lower  SQurian  to  the  Permian,  inclusive,  we  have  no 

Mesozoic  or  Tertiary  representatives  of  this  family,  so  far  as 

is  certainly  known.     Though 

presenting  a   striking  general 

resemblance  to  the  FavosUidte, 

it  is  very  doubtful  if  any  close 

relationship  exists  between  the 

CliMetidiE  and  the  former.  The 

family,  indeed,  may  possibly  be  -     ~ 

really  Alcyonarian,  though  at        "g  m— Fnnmeiit  of  stnatufom  ^r™- 

.      .,  .  ,  °       ,  ,       o«  of  the  n.turtl  aLw,  and  Wo  cali'M 

present    the     evidence      would       enl-rged.    upper  Sllurian.    (After  H»U) 

rather  point   to   its    ultimate 

removal  to  the  Polyioa.  At  any  rate,  it  should  be  remem- 
bered that  we  have  Mesozoic,  Tertiary,  and  Becent  Pdyzoa 
(such  as  Seteropora),  which  can  hardly  be  distinguished  from 
the  CluEtetidce  except  by  tlieir  not  possessing  tabulie. 

The  chief  genus  of  this  family  is  Chtetetee  itself  (pro- 
visionally including  under  this  name  the  forms  known  by 
the  name  of  3fojUiciilipora) ;    and  it  is  widely  represented 
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by  numerous  and  varied  forms  in  the  Silurian,  DeTonian, 
Carboniferous,  and  Permian  rocks.  The  corallum  is  some- 
times mafisive,  sometimes  branched,  sometimes  laminar, 
and  sometimes  encrusting ;  the  corallites  are  prismatic,  gen- 
erally of  small  size,  always  with  imperforate  walls ;  and  the 
tabulae  are  numerous  and  well  developed.     In  some  species 


Fig.  M.— Cllattta  jutropolUatuu.  i,  A  ipecliiieD  riswed  lidewayi,  at  the  natonl  ilzc ;  B, 
A  boriBHiUl  Hction  at  the  aune,  bl^l;  bdIhibbiI  ;  c,  A  vertlc&l  MCtlon  of  ths  ume,  greaUj 
Hiluged,  ihowlDg  the  ubulK.    Lo««r  Siluriim.    (OriglnflJ.) 

of  ChcEtetes — as  in  other  members  of  this  family  — some  of 
the  corallites  are  of  lai^r  size  than  the  others ;  this  prob- 
ably indicating  that  the  colony  was  composed,  in  its  living 
condition,  of  two  distinct  and  different  sets  of  zooids. 

The  genera  Prasop&ra,  Dania,  Dekayia,  and  CoTistdlaria,  are 
nearly  allied  to  C/uetetes,  and  are  all  Silurian.  Beaumontia, 
closely  resembling  Favomtes  in  form,  is  Carboniferous.  It  is 
probable,  also,  that  we  should  include  in  this  family  the 
closely  allied  or  identical  genera,  Fidtdipora  and  Callapora, 
both  of  which  are  well  represented  in  the  Silurian  and 
Devonian,  but  which  present  many  striking  points  of  like- 
ness to  the  Folyzoa. 

3.  Thecidte. — This  family  includes  only  the  single  genus 
Thecia,  confined  to  the  Silurian  period.  The  corallum  is 
compound,  septa  are  present,  and  tabulfe  are  well  developed. 
The  precise  affinities  of  this  genus  are  stiU  obscure,  but 
there  is  a  considerable  probability  that  it  should  really  be  re- 
garded as  an  Alcyonarian,  and  placed  in  the  neighbourhood 
of  Helioliiee. 

4.  HalysUidw. — In  this  family  we  have  the  moat  typical 
of  the  "  Tabulate  Corals,"  or,  at  any  rate,  those  which  appear 
most  likely  to  hold  their  ground  a^  a  separate  division  of  the 
Zoantharia,    The  corallum  is  always  compound,  rudimentary 
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septa  (typically  twelve  in  number),  are  mostly  present,  there 
are  well-developed  tabulae,  and  the  walls  are  imperforate. 

In  HalysUea,  the  "  Chain-coral,"  which  may  be  taken  as 
the  type  of  this  family,  the  cotallum  (fig.  91),  consists  of 
long  tubular  corallites,  united  to  one  another  in  such  a  way 
as  to  form  vertical  plates  or  expansions,  which,  in  turn,  are 
80  disposed  as  generally  to  form  by  reticulation  a  loosely 
netted  mass.  The  tabulte  are  horizontal.  The  "  Chain- 
corals  "  are  characteristically  Upper  Silurian  forms,  but  they 
occur  also  in  the  Lower  Silurian. 


Ubnlie,  enlugsd.    NiiigmIJiii«Mon*(lI|>perSUuriu)t  CuaiU.    (OriglDaJ.) 

Tlie  genus  Syringopora  (figs,  92-95),  is  in  many  respects 
closely  allied  to  HalygitM,  though  very  different  in  external 
aspect.  The  corallum  is  fasciculate,  the  corallites  being 
cylindrical,  lengthy,  and  united  by  hollow,  tubular,  hori- 
zontal connecting-processes ;  so  that  though  the  wall  is  im- 
perf'orate,  the  visceral  chambers  of  contiguous  corallites  are 
placed  in  communicatioD.  Septa,  though  very  rudimentary, 
are  not  wholly  absent,  and  the  tabuhe  have  the  form  of 
funnel-shaped  plates  inv^inated  into  one  another.  Yonng 
forms,  and  the  basal  portions  of  old  colonies,  closely  resemble 
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the  Tubulose  genua  Avlopora,  from  which  they  can  only  be 
separated  by  the  presence  of  jnfundibuliforni  tabulte.      Tlie 


Fig,  9S.— SyrliHUFom  nrlleiUiiAi. 


Hg.  a^—Hjiringi/poni  IkilvtaHl.  Pig.  W. — Sfrin^cfpora  atnprvia. 

Dlloriin.  BUiuiu. 

Species  of  the  genus  are  widely  distributed  in  the  Silurian, 

Devonian,  and  Carboniferous  formations.  The  remaining 
genera  of  the  HedysHMte  have  little 
general  interest ;  but  it  may  be  men- 
tioned that  one  (Fletckeria)  is  said  to 
range  as  high  as  the  Trias.  With 
this  exception,  the  family  seems  to 
die  out  in  the  Carboniferous.  The 
curious    Silurian    genus,    Tetradium, 

.  Fig  oi.-A-i'rpBm  Krpeiu.  Widely  distributed  in  Nori;h  America, 
Devoniin.  j^gy  ^jg^  jjg  jjotej  here,  aa  affording 

a  link  between  the  HalysUidcB  and  the  CJuetetidcc. 

IV. — TUBULOSA. 

This  is  a  small  group  of  corals,  including  the  genera  Avlo- 
pora  and  Cladockonns  {Pyrgid),  to  wliich,  perhaps,  Slojnalo- 
pora  should  be  added.  The  corallum  may  be  simple  or  com- 
pound (fig.   96),  the  corallitea  beii^  pyriform,  or  tnimpet- 
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shaped,  without  tabulte,  and  having  the  septa  indicated  by 
mere  fltrise  oQ  the  wall  (tig.  97,  b).  Tlie  family  is  entirely 
Palseozoic,  and  its  syBtematic  position  is  wholly  doubtful. 
Save  for  the  alleged  absence  of  tabulte,  its  nearest  ally  ap- 
pears to  be  Syringopora. 

In  Aitlopora,  a  genus  which  ranges  from  the  Silurian  to 
the  Carboniferous,  the  eorallum  (fig.  97,  a)  is  compound,  and 
grows  parasitically  upon  foreign  bodies.     The  corallites  are 


V\k.  n.—x.fon]t>««l  Avloptra  IiikF/.rm(i.  nf  llie  niliinl «[» ;  unlB.PoTtlunnf  UieMme, 
enlaqpNl  (nfter  (luMftuo).  DevoDiuL  u,  CloilaAuxni  (Pgrgiai  jr(chli~i,  uf  the  timunl 
liiB,  whI  (sularki^  (after  Milne-Edmrdi  uhI  HiiDie}.    Carlnnlfenills. 

tubular  or  pyriform,  produced  by  lateral  gemmation,  and 
furnished  with  a  strong  imperforate  wall.  In  the  Carbon- 
iferous j;enus  Clnditchonns  {Pyrifia),  on  the  other  hand,  the 
eorallum  is  typically  simple,  and  resembles  a  free  comllite  of 
Aviojxn-a. 
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RUGOSA    AND  ALGYONARIA. 

Order  II. — Hugosa. 

TiiK  order  of  the  Hugosa  includes  an  enonuoue  number  of 
fossil  corals,  tlie  vast  majority  of  which  are  confined  to  the 
I'alieozoic  period.  Throughout  the  Lower  and  Upper  Silu- 
rian, the  Devonian,  the  Carboniferous,  and  the  Permian,  the 
Etigosa  ate  the  principal  representatives  of  the  CoslerUerata ; 
but  the  order  is  not  known  to  be  represented  at  all  during 
the  Triassic  or  Jurassic  periods — rich  aa  the  latter  is  in  the 
remains  of  corals — and  in  the  Cretaceous  we  find  only  the 
singular  little  Holocystis  of  the  Lower  Greensand,  In  the 
great  aeries  of  the  Tertiary  deposits,  again,  there  has  been 
discovered  but  one  Rugose  genus — viz.,  the  Conosmilia  of  the 
later  Tertiaries  of  Australia.  Lastly,  at  the  present  day  we 
find  only  two  living  genera  {Haplophyllia  and  Guynia)  which 
Itave  any  title  to  be  regarded  as  Rugose  Corala  While, 
therefore,  we  may  well  admit  that  our  knowledge  of  the 
history  of  the  Rugose  Corals  since  the  close  of  the  Permian 
period  is  extremely  imperfect  and  fragmentary,  still  it  re- 
mains certain  that  the  group  is  an  essentially  Palieozoic 
one,  and  that  it  underwent  a  very  marked  diminution  before 
the  commencement  of  Mesozoic  time. 

As  regards  their  general  characters,  the  Rvgosa  agree  witli 
tlie  Zoanlharia  aclerodcrmata  in  possessing  a  well-developed 
sclerodermic  corallum,  with  a  true  theea,  and  generally  pre- 
senting well-developed  septa,  tliough  these  are  usually  coni- 
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bined  with  tahiXce  as  well.  The  corallum  may  be  simple  or 
compound,  but  in  the  latter  case  a  true  cceaeDchyma  is  not 
present. 

Seeing  that  there  is  this  striking  general  likeness  between 
the  coiallum  of  the  Suffosa  and  that  of  the  Zoaniharia  edero- 
dermata,  and  seeing,  further,  that  the  only  liavng  forms  which 
hare  any  claim  to  be  regarded  as  Rugose  Corals  are  unques- 
tionable and  undoubted  Actinozoa,  it  would  seem  that  there 
ought  to  be  little  difficulty  in  deciding  as  to  the  systematic 
position  of  the  Bugosa,  unless  it  were  in  separating  them 
satisfactorily  from  the  Zoaniharia.  Of  late  years,  however, 
an  opinion — first  started  by  the  late  Prof.  Agassiz — has 
gained  considerable  acceptance,  according  to  which  the 
Rugoaa  are  to  be  considered  as  really  belonging  to  the 
Hydroxoa.  So  far  as  any  actual  evidence  in  support  of 
this  view  goes,  it  can  only  be  said  that  we  really  do-  know 
now  of  living  Hydrozoa  which  do  secrete  a  calcareous  skele- 
ton {^MUltpora  and  the  StylaatcridaE).  Hie  skeleton  of  these 
fonns,  however,  does  not  present  any  special  resunblance  to 
that  of  the  Rugosa,  and  its  charactera,  indeed,  are  such  that 
its  makers — till  their  soft  parts  were  investigated— were 
always  referred  to  the  Zoantharia.  It  is  clear,  therefore, 
that  the  existence  of  coralligenoua  Hydrozoa  cannot  be  used 
as  an  ailment  for  removing  the  Rugoea  from  the  Activazoa. 

On  the  other  hand,  the  resemblances  between  the  corallum 
of  the  Rugoaa  and  that  of  the  Zoantharia  sclerodermala  are 
80  numerous  and  so  weighty,  that  it  is  difficult  to  imagine 
that  the  coralla  in  the  two  cases  were  secreted  by  different 
methods,  or  bore  dissimilar  relations  to  the  soft  parts  of  the 
animals  producing  them.  Thus,  in  both  groups  alike  the 
simple  form  of  corallum  (fig.  98)  consists  of  an  outer  wall 
or  "  theca,"  enclosing  a  central  space  or  "  visceral  chamber," 
which  is  ordinarily  divided  into  a  series  of  compartments  by 
vertical  partitions  or  "  septa ; "  in  both  ahke  the  "  visceral 
chamber"  may  be  partitioned  off  into  storeys  by  horizontal 
plates  or  "  tabulse ; "  in  both  alike  the  interseptal  locuh  are 
liable  to  be  more  or  less  subdivided  by  "dissepiments;" 
and  in  both  alike  the  axial  rod,  known  as  the  "  columella," 
may  be  developed.     In  both  groups  alike,  moreover,  the 
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corallum  is  often  composite,  and  m&y  be  regarded  as  a 
variously  formed  aggr^ate  of  "  corallites,"  each  of  these 
subordinate  elements  of  the  colony  being  essentially  simUar 
in  structure  to  the  typical  simple  corallum. 


Fig.  Ml.— Morphology  of  Ow  fliiima.  »,  Fngnient  of  ZajArmiii  tigaRlia,  nhnwini;  the 
wptfl  <aX  ^th  the  BpuM  diuepLmenU  crouiiig  the  iatentytal  IdcuU,  Vi*  epiUbH4  (c\  Uhl 
the  thin  pnprr  w»ll  (ir) ;  n,  Tnnivcrae  Bwtlon  of  ZajArtnlu  OmnHfiiH,  showing  liiT  »r|>tii 
and  •liHepiuKntA  the  nntnl  am  occnplcd  »)elr  bf  the  Ubabe.  ud  the  "  fimuli  ~  (/) :  o. 
Longitudinal  Hctton  u(  the  lut,  ihonlng  the  amngenKnt  of  the  Ubulie,  (*  Is  ansr  BlvanlH 
and  Haime ;  B  and  c  ai«  aflrr  Jamea  Thonuon.) 

On  the  other  hand,  tliere  are  various  points  in  which  tlie 
corallum  of  the  Buffosa  differs  from  that  of  the  ZoaiUharia 
scUrodermata,  and  some  of  the  more  important  of  these 
differences  may  be  briefly  alluded  to  here.  In  the  first 
place,  the  "  septa "  appear  to  be  primitively  developed  in 
four  syntemx,  so  that  the  corallum  is  fundamentally  con- 
structed upon  a  tHrameral,  instead  of  an  kexanifral  type. 
In  some  cases,  as  in  Stauria  (fig.  100,  a),  this  quadripartite 
disposition  of  the  septa  is  very  conspicuous,  since  there  are 
four  pre-eminently  large  septa,  which  form  a  cross  in  the 
centre  of  the  calice.  In  the  genus  Aniaopkyllam  (fig.  100, 
B  and  c)  there  are  three  of  these  pre-eminently  developed 
septa.  In  the  second  place,  the  septs  usually  present  them- 
selves in  the  adult  as  of  two  sizes  only,  a  larger  and  a 
smaller;  and  their  arrangement  is  very  generally  rendere<l 
irregular  by  the  presence  of  a  singidar  vacant  space,  whicli 
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is  known  as  the  "fossula"  or  "fosaette"  (fig.  98,  b,  and 
fig.  99).  ThU  space  appears  to  take  the  place  of  one  of  the 
four  principal  septa,  and  usually  presents  itself  as  a  more  or 


ria  tutfiri/ormU.  eolArged— SUurlHu  ; 
li  cemicKla,  the  walls  or  b.   A-«itiipktiHam    Agaai:t,    ilightly 

IX,  iDd  Btaowing  the  "  fos-  enluj^ed  ;  0,  Cilice  ot  saine,  viewed 

itie.    DevonliD,  America.  ttom  (•bove-DEVdnlmi.    (Aflrr  Mllnc. 

Edniils  BDd  Hainiu.) 


less  conspicuous  depression  or  groove  in  the  calice.  Some- 
times there  may  be  two  amall  lateral  fossulw,  and  in  other 
caaes  (Omphyma)  there  are  four  shallow  fossulie  arranged  in 
a  crucial  manner.  In  the  tliird  place,  the  corallum  of  tlic 
Bugosa  generally  exhibits  tabulfe  in  conjunction  with  well- 
developed  septa ;  whereas  in  the  ZoariihaTia  sderodei'Tnata, 
if  the  tabulse  are  conspicuously  developed,  the  septa  are 
rudimentary  or  wanting,  and  vice  versa.  The  tabulie  of  the 
Sugosa  may  be  "  complete,"  passing  completely  across  the 
visceral  chamber  from  side  to  side  (fig.  98,  c),  or  they  may 
be  confined  to  a  larger  or  amnller  central  area.  Lastly,  the 
VOL.  I.  0 
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corallites  of  the  compound  coiallum  of  the  Bugosa  are  oever 
connected  by  a  true  coeaenchyma.  Sometimes  the  corallites 
nre  placed  in  close  contact,  so  that  the  corallum  becomes 
"  massive,"  and  then  they  are  usually  united  by  a  fusion  of 
their  walls.  Sometimes  the  -walls  are  wanting,  and  the 
corallites  are  united  to  one  another  by  the  extensioD  and 
confluence  of  their  aepta,  as  is  seen  in  the  genus  Phillips- 
adrwa   (fig.   101),   or    the    union   may  take   place   by   the 


Ftuni  the  Devoulm  (Cgmifenj 


development  of  lateral  processes,  very  much  as  we  have 
seen  in  Syringopora.  The  production  of  compound  coralla 
is  principally  effected  by  lateral  and  calicular  gemmation, 
the  latter  process  (see  p.  186)  being  especially  cliaracteristic 
of  the  Rugose  Corals. 

The  divisions  of  the  Rugose  Corals  which  were  laid  down 
by  Milne-Edwards  and  Haime,  and  which  have  subsequently 
been  generally  adopted,  are  as  follows  : — 

1.  Stauridm. — In  this  family  the  corallum  may  be  simple 
or  compound,  the  septa  are  well  developed,  conspicuously 
arranged  in  four  systems,  and  both  dissepiments  and  tabulae 
are  present. 

Id  Staitria  (fig.  100,  a),  which  is  the  type  of  the  family, 
there  is  a  compound  astrteiform  corallum,  four  of  the  prin- 
cipal septa  forming  a  cross  in  each  calice.  The  increase  of 
the  corallum  is  effected  by  calicular  gemmation,  and  there  is 
no  columella.  The  genns  is  wholly  Silurian  in  its  range. 
The  genus  Hdocydis  (fig.  102)  is  closely  allied  to  Stauria, 
but  the  corallites  are  united  by  their  costte,  and  a  styliform 
columella  is  present.      It  is  remarkable  as  being  the  sole 


.obyGooglc 


KUGOSA.  211 

representative  of  the  Bvgosa  at  present  known  from  deposits 
of  Secondary  age,  occurring,  as  it  does,  in  the  Lower  Green- 
sand  (Cretaceous).    The  re- 
maining  members   of   the 
StauridtE  possess  a  simple 
corallnm.      Id  MaHophyl- 
lum,  of  the  Devonian,  the 
septa  are  arranged  in  four     * 
groups,    separated    by    as 
many  fossulce ;  and  in  the 
Permian  Polyccelia  the  sep- 
ta are  divided  by  four  prin- 
cipal ones  into  as  many  sys- 
tems.     The  Tertiary  genus 
Conosmilia  may  perhaps  be 
associated  with  the  above,     b 
but  it9  systematic  position 
is  not  free  from  doubt. 

2.  Ci/athaxonidce.  —  In 
this  family  the  corallum  is 
simple,  the  septa  are  well 
developed,   and  the    inter- 
septal  loculi  are  open,  and 
are  not  partitioned  off  by 
dissepiments  or  tabulce.   In 
many  respects  this  family  is  very  nearly  allied  to  the  family 
of  the  Turbinolida:,  among  the  ZoarUkaria  sclerodermata,  but 
the   septa   have   a  tetrameral    arrangement.       Cyathaxania, 
the  type-genus,  has  a  styliform  columella  (fig.   103),  and 
ranges  from  the  Silurian  to  the  Carboniferous.'      Tlie  living 
genera,  Hajdophyllia  and  Chiynia,  are  referred  here,  but  no 
Secondary  or  Tertiary  members  of  the  family  are  known. 

3.  Cyathophyllida. — In  tliis,  by  far  the  largest  and  most 
important  family  of  the  Eugose  Corals,  the  corallum  may  be 
simple  or  compound,  the  septa  are  not  arranged  in  a  con- 

'  Recent  regwrclies  bnve  aliown  tbat  some  of  the  forma  usually  referred  to 
Cyalhaxoaia  (mcli  as  C.  DalmaiiVi  really  possess  taliuls,  imd  are  in  other 
respects  entitled  to  be  regarded  as  forming  a  separate  genus,  for  wliicli  the 
oama  of  Liaditrimia  hu  been  proposed. 
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spicuously  quadripartite  manner,  except  in  a  few  cases; 

tabulee  are  always  present,  and  the  interseptal  loculi  are  more 
or  less  broken  up  by  the  development  of 
dissepiments.  The  family  is  wholly  Palae- 
ozoic in  its  distribution,  and  it  is  divided 
into  the  two  great  tribes  of  the  Zapkren- 
tincE  and  CyatkophylliiuB. 

In    the   Zaphreniincc,   the    corallum   is 
simple  and  free,  conical,  discoidal,  or  cylin- 
drical in  shape,  with  complete  tabulae,  and 
usually  few  dissepiments.     The  septa  are 
Fig  \iii —cvMomiia    re'"lered   more   or    less    irregular    by  the 

Daitmni.   A  portion  or    presence  of  a  septal  fossula.      In   Zapk- 

bmken.  In  onler  to  >haw      Tcntis     itself,     which    is     tllC     type     of     tlie 

fflfuriM''"''"'"'^"*'  group,  the  corallum  is  turbinate  (figs. 
99  and  105),  the  tabuhe  pass  from  side 
to  side  of  the  visceral  chamber  (fig.  98,  c),  and  there  is 
a  well-marked  fossula,  while  the  septa  extend  inwards  to 
near  the  centre  of  the  coral.  This  large  and  important  genus 
is  represented  by  numerous  species  in  the  Silurian,  Devonian, 


and  Carboniferous  rocks.  The  Silurian  and  Devonian  genus 
Petraia  (fig.  104)  has  often  been  placed  in  the  neighbour- 
hood of  ZaphrciUis,  but  there  is  considerable  uncertainty  as 
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to  the  forms  vhich  are  really  to  be  included  under  this  liead, 
and  if  the  typical  members  of  the  genus  are  destitute  of 
tabulse  and  dissepiments.  It  must  then  be  rather  referred  to 
the  Turbinolidat.  In  the  genus  Amplexus,  which  ranges  from 
the  Silurian  to  the  Carboniferous,  the  structure  of  the  coral- 
lum  is  essentially  similar  to  that  of  Zaphrentis,  but  the  septa 
are  much  less  developed,  and  are  so  short  as  to  leave  the 
central  portion  of  the  tabuke  smooth  and  bare.  In  Lopho- 
pkylluvi,  of  the  Devonian  and  Carboniferous,  the  corallum 
essentially  resembles  ZaphreiUis;  but  there  is  a  flattened 
columella.  In  the  Devonian  Anieophyllum,  again,  there  are 
three  septa  pre-eminently  developed  (fig.  100,  B  and  c),  and 
in  Hailia  (also  Devonian),  there  is  one  such  predominant 
septum,  towards  which  a  number  of  the  septa  are  inclined. 
Lastly,  in  the  Silurian  Str^tdasma,  the  tabulae  are  less 
developed  than  in  Zaphrentia,  and  some  of  the  septa  are  pro- 
longed inwards  to  the  centre  of  the  visceral  chamber  in  the 
form  of  twisted  plates. 

In  the  CyathophyllincE,  in  the  second  place,  the  septa  are 
more  or  less  regularly  radiate  in  their  arrangement  (fig.  106), 


and  there  is  often  no  septal  fossula.  The  corallum  may  bo 
simple  or  compound,  the  tabulse  are  confined  to  a  more  or 
less  extensive  central  area,  and  there  is  often  an  external 
zone  of  vesicidar  tissue  formed  by  the  great  development  of 
the  dissepiments  in  this  region. 
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In  Cyathyphylluvi,  the  type-genus  of  the  family,  the  coral- 
lum  may  be  simple  or  compound,  and  the  septa  are  well 
developed,  some  of  them  extend- 
ing to  the  centre  of  the  visceral 
chamber,  where  they  are  twisted 
together  to  form  a  spurious  colu- 
mella (fig.    106,  B).     The  genus 
ranges  from   the   Silurian   to   the 
Carboniferous.      In  JTeHopkyllvm 
(figs.  106,  A,  and  107)  the  septa 
are  provided  with  singular  diasepi- 
mental  outgrowths,  which  appear 
as  so  many  spines  or  teeth  on  the 
free   edges   of  the   septa  within 
the  calice,  and  which  give  them 
D^i™.  orth.n«u«i.i».  (ori-    ^    characteristicaUy   cross-baned 
appearance  in  transverse  sections. 
The    genus    is   abundantly    represented    in    the    Devonian. 
PalcEocyrlus,  which  is  exclusively  Silurian,   may  be  placed 
here  in  the  meanwhile,  though  it  is  typically  discoid  in 
form,  and  has   other   peculiarities   as  welL       The   Silurian 
genus   Ompkyma  is  closely  related  to  the  simple  forms  of 
CyaihophyUum,  but  the  septa  are  divided  into  four  groups 
by  as  many  shallow  depressions  or  fossulse,  and  the  coral- 


lum  is  attached  by  root-like  prolongations  of  the  epitheca. 
In  the  genus  Acervviaria,  again,  of  the  Silurian  and  Devonian, 
we  have  forms  in  many  respects  resembling  the  compound 
species  of  Cyathophyllum,  but  differing  in  the  fact  that  each 
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corallite  posBesses  a  central  circular  space,  invested  by  a 
secondary  and  interior  walL  Strombodes  (figs.  108  and  109), 
of  the  Silurian,  is  very  like 
Acerwlaria,  but  the  walls  of 
the  corallitea  are  imperfectly 
developed,  and  the  tahuUe  are 
funnel-shaped  and  iavaginated 
in  one  another.  PhUlipmstroea, 
again,  approaches  Stromiodes  in 
appearance,  but  the  calices  are 
not  distinctly  circumscribed  (tig. 
101);  the  walls  of  the  coral- 
litea are  deficient ;  and  the  cor- 
allitea are  united  by  the  fusion 
of  their  septa.  The  genus  is 
Devonian  and  Carboniferous. 

As  the  type  of  another  group 
of  the  Cyaih<yphyllimjE,  we  may 
select   the   great   genus  Litko- 

atrotion  (fig.  110),  so  highly  Pig  no.— FngnKntoramaMori.Jih'y- 
characteriatic  of  the  Carbonifer-  ti^ii^^oJ^  dS  kmuI^)  ""' 
ouB  deposits  in  almost  all  paits 

of  the  world.  The  corallum  in  this  genus  is  compound  and 
fasciculate  or  massive,  composed  of  cylludrical  or  prismatic 
corallites,  which  may  or  may  not  be  in  close  contact  with 
one  another.  The  corallites  possess  a  central  tabulate  area, 
which  is  traversed  by  a  well-developed  styliform  columella. 
The  genus  Mphyphylluvi,  ranging  from  the  Silurian  to  the 
Carboniferous,  closely  resembles  the  fasciculate  forms  of 
LUkostrotion,  but  the  corallites  have  no  columella.  The 
Devonian  genus  Eridopkyllum,  again,  differs  from  IK-phy- 
pkyllum,  principally  in  the  fact  that  the  corallites  are  united 
by  horizontal  connecting-processes.  Lastly,  the  genus  Lons- 
daleia  (figs.  74  and  111  a),  of  the  Carboniferous  rocks, 
presents  some  resemblance  to  the  massive  and  astrseiform 
species  of  LUhosirotion,  but  the  corallites  have  a  secondary 
or  inner  wall,  enclosing  a  central  area,  and  the  columella  is 
formed  of  twisted  lamellse. 

Lastly,  we  must  mention  here  a  great  group  of  Cyatho- 
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pbylline  CoralB,  which  are  characteriatically  Carboniferous  in 
their  range,  and  of  which  Climophylluvi  (fig.  Ill,  b)  may  be 
taken  as  the  central  type.  In  the  forms  in  question  (Clisw- 
phyllum.,  CydopKyllum,  Aviophyllum,  Rkodophyllum,  &c.)  the 
structure  of  the  corallum  resembles  that  of  the  simple  forms 
of  Cyatkophyllv/m  in  the  fact  that  there  is  a  well-developed 
exterior  zone  of  vesicular  tissue  ;  but  the  axis  of  the  visceral 
chamber  is  occupied  by  a  series  of  more  ot  less  complicated 
etructures,  which  represent  a  modification  of  the  tabulate 
central  area  of  Cyaihophyllwin,  rather  than  a  true  columella. 


F^.  111.— Jl,  Cnu-Kctlon  of  two  conlU 
tnluged ;  b,  CroBB-Hotlon  of  the  oonltniE 
uui,  of  the  lutnnl  ilu.    (Aftir  Jumes  Thomioii  Hid  tii«  AuUior.) 

4.  GystipkyllicUe. — In  tills,  the  last  and  most  aberrant 
family  of  the  Rugose  Corals,  the  skeleton  is  usually  simple, 
though  occasionally  compound ;  and  the  septa  are  rudimen- 
tary, existing  only  as  so  many  vertical  strife  or  ridges  within 
the  calice  {fig.  112).  The  outer  wall  is  complete,  but  the 
entire  visceral  chamber  is  filled  with  small  lenticular  vesicles 
formed  by  a  combination  of  dissepiments  and  tabulEe.  A 
distinct  septal  fossula  is  sometimes  present.  The  family  is 
PalieozoJc,  and  is  confined  to  the  Silurian  and  Devonian 
periods. 

In  Oystiphyllum  (fig.  112),  the  type-genus  of  the  family, 
the  corallum  is  usually  simple,  and  the  vesicular  tissue  of 
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which  it  is  made  up,  is  often  disposed  in  funnel-shaped 
layers.  In  most  of  the  species  the  calice  is  open,  but  in  one 
form  {C.  prismaticam)  the  calice  is  closed  by  a  lid  or  oper- 
culum, consisting  of  four 
or  more  valves.  In  the 
genus  Goni&phyUum.,  of  the 
Upper  Silurian,  a  lid  of 
four  valves  was  present, 
and  the  extraordinary  De- 
vonian genus  Caiceda  (fig. 
1 1 3),  long  referred  to 
the  Brackiopoda,  has  b^n 
shown  to  be  a  coral  of 
this  family  in  which  the 
calice  is  closed  by  an  oper- 
culum consisting  of  a  single 
piece.  In  this  connection, 
it  is  worthy  of  notice  that 
some  of  the  living  Alcy- 
onarian  Corals  (species  of 
Primnoa,  Paramuricea,  and 
others)  exhibit  also  a  more 
or  less  complete  operculum. 
The  calices  of  Cryptohdia 
padica  (one  of  the  Hydroid 
group  of  the  Stylcuteridm) 
are  also  protected  by  a  cal- 
careous lamina  in  front  of 
each. 

Before  leaving  the  Cys- 
tiphyllidcB,  a  few  words 
may    be    said    as    to    the       Rg.  m.-cv,«p*,u»««rt*i«„™,  .howiiig. 


Uw  original  ci _._ ._ 

fossils     termed    Beatricea,    h"*™  »"»yi  "nd  «bi™«  uw  inienui  itmitim. 

,  .   ,  .  ,         Of  IhB  utunl  ilu.     DeToninn,  Amoriw  ind 

wtucn,   so   tar,    are    only    Emop*.  (oiigtui.) 
known     as     occurring    in 

the  Lower   Silurian  of   North  America.       In   these    extra- 
ordinary  forms   (fig.    114)   we    have   bodies   of   great   size, 
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often  many  feet  in  length,  of  more  or  less  cylindrical  form, 

and  principally  composed  of  a   calcareous  vesicular  tissue, 

essentially  similar  to  that  of    Cygtiphyl- 

Irnn.     In  the  centre  is  what  appears  to 

represent  a  tabulate  area,  such   as   we 

meet  with  in  many  of  the  Cyaihophyllidm. 

If  truly  corals,  these  huge  fossils  must 

be    regarded    as  very  aberrant  members 

of  the  CyHipkyllid(B ;  but  there  is  some 

Pig.  ii3.-cai«ota  B^^d■    reason  for  thinking  that  Beatricea  is  per- 

Jil^^oiii  "i^ctS^""     haps  really  founded  upon  peculiar  forms 

of  Slromatqpormds, 


, — Bfatrieta  %Jviulala.  a,  DUgrmm  showing 
lliul  lection ;  B.  Portion  of  Uu  hus ot  tape 
BT  Slluriau).  the  roil  length  of  the  portion  I 


Order  III. — Alcyonaria. 


The  Alcyonarian  Zoophytes  are  Actijwzoa  in  -which  the 
polyjtea  possess  eight  tentacles,  which  are  fringed  on  their  sides 
with  lateral  pinnes  or  papilla,  hence  the  name  of  Octocoralla 
often  applied  to  the  order.  Almost  all  the  members  of  the 
order  are  composite,  the  tubular  polypes  being  united  by  a 
ccenosarc,  through  which  ramify  canals  by  which  their  body- 
cavities  are  placed  in  communication. 

Of  the  livii^  groups  of  the  AU^yonaria,  the  "  Organ-pipe 
Corals"  (TiMporidce)  have   a  well -developed    sclerodermic 
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compound  eoralluiD,  but  they  are  unknown  in  &  foaail  con- 
dition. In  tlie  AUyonidcB  the  skeleton  consists  simply  of 
calcareous  spicules  scattered  in  the  soft  parts,  and  the 
family  is  almost  unknown  in  the  fossil  condition.  A 
species  of  Alcyonium,  however,  has  been  rect^nised  in  the 
Pliocene  (Red  Crag)  of  Britain.  In  the  Pmnatulidm  (the 
"  Sea-rods "  and  "  Sea-pens "),  besides  detached  spicides, 
there  is  a  skeleton  in  the  form  of  a  homy  or  calcareous  rod, 
supporting  the  soft  colony.  The  Silurian  genus  Protovir- 
ffuiaria  was  believed  to  belong  to  the  l*ennatulvi<K,  but  it  is 
certainly  not  of  this  nature,  and  is  probably  a  Graptolite. 
The  family  has,  indeed,  no  certain  fossil  representatives  till 
we  reach  the  latest  Secondary  or  earliest  Tertiary  deposits. 
In  tlie  Pisolitic  Limestone  (late  Cretaceous)  of  France,  we 
have  the  genus  Pavonaria  ;  while  Grapkuiaria  occurs  in  the 
Eocene,  and  the  Miocene  Tertiary  has  yielded  examples  of 
Graphilaria,  ViiytUaria,  and  Codographula.  In  the  family 
of  the  GiyrgonidcB  ("  Sea-shrubs  ")  there  is  a  branched  sclero- 
basic  corallum,  the  surface  of  which  is  grooved  or  sulcate. 
The  corallum  may  be  homy  or  calcareous,  or  it  may  be 
composed  of  alternating  calcareous  and  coraeons  segments 
(as  in  Isia  and  Mopsea).  The  earliest  representatives  of  the 
Gorgonido! — so  far  as  we  have  any  sufficient  evidence — 
are  found  in  deposits  of  the  age  of  the  Eocene  Tertiary,  the 
genera  Mopsea  and  Webderia  occurring  in  the  London  clay. 
The  genus  Corallium,  embracing  the  living  £ed  Coral,  has 
been  quoted  from  the  Jurassic  and  Cretaceous,  and  un- 
doubtedly occurs  in  the  Miocene  Tertiary ;  and  deposits  of 
the  same  age  have  yielded  species  of  Isis,  Gorgonia,  and 
Meliihaa. 

So  far  as  all  the  preceding  forms  are  concerned,  it  will 
be  seen  that  the  Altf^imaria,  though  widely  distributed  in 
existing  seas,  are  of  little  geological  importance,  and  are, 
moreover,  comparatively  of  modern  origin.  Mr  Moseley, 
however,  has  shown  that  the  living  corals  of  the  genus 
Selwpora  are  truly  referable  to  the  Alcyorutria,  and  not  to 
the  Zootttharia,  in  which  they  had  been  previously  placed ; 
and  he  has  further  shown  that  the  large  and  ancient  group 
of  fossil  corals  of  which  Seliolita  is  the  central  type,  is 
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essentially  similar  to  Heliopora  in  structure.  We  thus  are 
presented  with  a  new  family  of  the  Alcyojiaria — that  of  the 
Helioporida — which  has  played  uo  inconsiderable  part  in 
geological  history.  The  HelioporidtB  were  formerly  placed 
in  the  "  Tabulate "  section  of  the  Zoantkaria  sclerod^rmata, 
and  possess  a  wdl-devdoped  sclerodermic  corallum,  composed 
of  tabulate  tubes  of  tvjo  sixes,  the  larger  ones  beiTig  furnished 
with  rudimttUary  septa.  In  the  living  Heliopora  ccBridea 
(fig,  115)  the  corallum  is  composite  and  sclerodermic,  and  is 


1^.  — 4t  rortion  or  th?  corvUum  of  Helvpom  aervlta,  oT  the  p 
■) ;  B,  Portinn  of  the  ■nrfaiw  of  *  brench  of  flrifopora  a 
n  {After  Moseley);  c.  c.  c,  tbfi  openlngB  {"  ci]ic«i ")  of  tlie  c 
llsr  tubs  ut  tlie  c<f  ntDcbyiDi, 


composed  of  corallites  united  by  what  has  usually  been 
regarded  as  a  "  ccenenchyma."  The  corallites  are  tubular, 
crossed  by  well-developed  tabuUe,  and  having  their  walls 
folded  in  such  a  manner  as  to  give  rise  to  a  variable  number 
(generally  twelve)  of  septal  laminEe.  The  ccenenchyma,  so 
called,  is  composed  of  slender  tubes,  of  smaller  size  than  the 
tine  corallites,  packed  closely  side  by  side,  crossed,  like  the 
coi-allites,  by  regular  transverse  tabulte,  but  destitute  of 
septa.  The  soft  parts  occupy  only  the  parts  of  the  corallum 
above  the  uppermost  tabulee,  and  therefore  only  a  surface- 
layer  of  the  colony  is  actually  alive.  The  polypes  are  com- 
pletely retractile,  with  eight  pinnately-fringed  tentacles,  and 
eight  mesenteries.  The  mesenteries,  however,  hare  no  cor- 
respondence with  the  septa,  which  are  twelve  in  number  as 
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a  rule.  The  aepta  are  thus  seen  to  be  psendo-eepta,  and 
they  cannot  be  regarded  as  being  homologous  with  the  septa 
of  the  Zoantharia  sderodermata.  The  so-called  cceneiichynial 
tubes  are  occupied  by  sacs  lined  by  the  endoderm,  which 
are  closed  externally,  but  communicate  freely  with  the  body- 
cavities  of  the  polypes  by  means  of  transverse  canals ;  and 
Mr  Moseley  suggests,  with  great  probability,  that  these  are 
really  of  the  nature  of  rudimentary  sexless  polypes. 

The  genus  Heliopora  is  not  known  as  occurring  in  the 
fossil  condition,  but  it  is  represented  by  various  extinct 
types,  dating  from  the  Lower  Silurian  period. 

Of  the  extinct  types,  the  Silurian  and  Devonian  genus 
ffeliolites  (fig.  116)  is  the  most  important.     It  has  a  well- 


Ffo  llfl.— A,  Siiul]  colonj  of  UrlvAilri  TaryaOomn,  of  the  inlural  bIh  ;  a,  Sniill  |»rtiuli  of 
the  iurftce  o(  Ih*  uine,  mugnlfted,  showing  the  c«llfea  (n)  uid  the  mouthi  of  the  cwtieB- 
chynul  tulKH  (h) ;  c.  Verticil  wTlion  of  Uie  unie,  enUnted.  ihowlng  the  labulite  conUiten 
(a),  wa  the  tubuliile  tubea  of  the  ttenenchym*  <6)     (Origlnil.) 

developed  sclerodermic  corallum,  with  comparatively  lai^e- 
sized,  tubular,  r^ularly  tabulat«  corallites,  usually  possess- 
ing distinct  but  rudimentary  septa,  intermingled  with  a 
copious  ccenenchyma  formed  of  tabulate  geometric  tubuli, 
much  smaller  than  the  corallites,  and  destitute  of  septa. 
The  so-called  "ccenenchymal"  tubules  were  probably  occu- 
pied in  the  living  state  by  rudimentary  or  imperfect  polypes. 
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In  the  Silurian  Plasmopora,  the  corallum  is  very  similar  to 
that  of  Heliolitea,  but  the  (xenencbyma  is  more  vesicular, 
and  its  tubules  are  not  so  distinct.  The  genus  Propora, 
also  Silurian,  is  vety  like  the  preceding,  but  the  calices  are 
exsert.  Lastly,  we  may  mention  the  genus  Pdytremacis, 
which  hardly  differs  from  MeliolUes,  save  in  its  granular 
surface,  and  which  is  remarkable  in  being  found  in  rocks  as 
modern  as  the  Cretaceous. 
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CHAPTER    Xir. 

SUB-KINGDOM  IIL—ANNULOIDA. 
ECHIKODERMATA. 

Sub-kingdom  III.  Annuloida. — Anivwih  in  which  the  ali- 
mentary canal  is  completely  shiU  off  from  the  genercd  cavity  of 
the  body.  Nervous  system  distinct.  A  peculiar  system  of  canals, 
usually  communicating  with  the  exterior  and  containing  water 
derived  from  the  outside,  and  termed  the  "  waier-vascular  "  or 
"  aquiferous  "  system,  is  present  in  all.  In  none  is  the  body 
of  the  adult  composed  of  definite  segments,  or  provided  with 
"  bilaterally  disposed  successive  pairs  of  appendages." 

This  sub-kingdom  was  proposed  by  Huxley,  as  a  pro- 
visional arrangement,  to  include  the  two  groups  of  the  Hchino- 
dcrmata  (Sea-urchins,  St&r-fiahes,  &c.}  and  the  Scolecida  (Tape- 
worms, Round-worms,  Wheel -animalcules,  &c.)  Whether 
this  arraDgemeat  be  ultimately  retained  or  not,  matters  not 
at  all  to  the  paleeontologist,  as  no  member  of  the  Scolecida  Is 
known  in  the  fossil  condition.  The  paheontologist,  therefore, 
has  simply  to  deal  with  the  Echinodermaia,  the  complete  dis- 
tinctness of  which,  as  a  group,  is  beyond  question. 

Class  Echinoderhata. 

The  class  EchinoderToata  comprises  the  animals  known 
commonly  as  Sea-urchins,  Star-fishes,  Brittle-stars,  Sea-lilies, 
and  Sea-cucumbers,  and  is  distinguished  by  the  fact  that  the 
external  envelope  of  the  body  ("  periaome  ")  has  the  power  of 
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stcreting  calcareous  matter  to  a  greater  or  less  extent.  The 
integument  is,  therefore,  either  composed  of  caleareous  plates 
artictdated  together,  or  is  coriaceous,  and  has  granulea  or  apie- 
vles  of  lime  developed  in  it.  The  water-vaacular  sydem  -usually 
communicates  vrith  the  exterior,  and  generally  subserves  locomo- 
tion. The  adult  animal  exhibits  rnore  or  less  distinctly  a  "radial 
symmetryl'  or  star-like  arrangem,ent  of  its  parts,  but  the  young 
animal  is  more  or  less  bHaierally  symmetrical. 

The  Bchinodermata  are  divided  into  the  following  aeven 
orders : — 

1.  Echinoidea. — Ex.  Heait-urchin  (SpatangUB). 

5.  Aiter<ndsa.—Ex.  Star-fish  (Ura^ter). 

3.  OphiuroitUa.— Ex.  Biiltle-ittix  {OphinTa.). 

4.  Cnnmdea.—Ex.  Stone-iaj  {Encrinns), 

6.  Cyitoidea. — Ex.  Hemicoamitea. 

6.  Bliutmdta.—Ex.  Pentremitea. 

7.  HoU)thuroidta.~Ex.  Trepang  (HolothurU). 

The  above  is  not  a  true  or  natural  arrangement  of  the 
orders  of  the  Echinodermaia,  but  it  is  convenient  for  many 
reasons  to  consider  them  in  this  sequence.  As  regards  the 
general  distribution  of  the  class,  the  Echinodermaia  are  rep- 
resented more  or  less  abundantly  in  all  the  great  formations 
from  the  Upper  Cambrian  to  the  present  day.  The  orders 
Cystoidea  and  Slastoidea  are  not  only  extinct,  but  are  ex- 
clusively Palfeozoic ;  while  in  the  Crinpidea  we  have  an  order 
which  has  passed  its  prime,  and  appears  to  be  verging  on 
extinction.  On  the  other  hand,  the  orders  Echinoidea,  Ader- 
oidea,  Ophiuroidea,  and  Holothuroidea  appear  to  have  attained 
their  maximum  of  development  at  the  present  day.  The 
Asteroidea  and  Ophiuroidea  commence  in  the  Silurian  period. 
The  Echinmda  commence  in  the  Upper  Siliirian,  but  reach  no 
marked  development  till  we  enter  upon  Mesozoic  deposits. 
Lastly,  the  Solothurians,  as  might  be  expected  from  the  soft 
nature  of  their  int^uments,  are  hardly  known  as  fossils, 
thoiigh  they  seem  to  have  existed  at  any  rate  as  early  as 
the  Carboniferous  period. 
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The  members  of  this  order — commonly  known  as  Sea- 
urchins — are  characterised  by  the  possession  of  a  more  &r 
less  globular,  heart-shaped,  disemdal  or  dtpressed  hody,  encased 
in  a  "  test "  or  shell,  which  is  composed  of  nuTnerous  calcareous 
plates,  immovable/  connected  together.  The  iriledine  is  convoluted, 
and  there  is  a  dt^inct  amis.  The  mouth  is  usually  armed 
with  calcareous  teeth,  and  is  always  situated  on  the  inferior 
aspect  of  the  body,  but  the  position  of  the  vent  varies. 

As  a  matter  of  course,  the  palfeontologioal  student  has  to 
deal  with  nothing  except  the  test  of  the  Echinoids  and  its 


Fig.  117.— Morphology  of  EchinoldM.  «,  Young  spetiioen  ot  SlnmnFlMtiHronu  J>ru6of*- 
ientU,  vlawed  from  above,  b»  Small  portion  of  Ihe  tesi  of  the  samp,  nugnlfled.  c,  Sununlt 
of  Oh  test  of  BAimu  ijAora,  mienlBed.  d,  ClypatUr  nStitptan;  viewed  ftnui  above, 
showing  the  peloloid  BBibul^^ni,    s,  BpLne  n!  PotrriAxria  jnirpuTata.    t.  Pedicellnrta  of  Tor- 


appendages,  and  these  must  be  described  in  some  detail. 
The  "  test "  of  the  Echinoidea  ^aay  be  regarded  as  essentially 
composed  of  the  so-called  "  corona  "  and  of  the  "  apical  disc," 
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though  otheT  less  important  elements  are  present  as  velL 
The  "  corona  "  is  the  main  element  of  the  test,  and  includes 
all  the  calcareous  covering  of  the  animal  except  the  scat- 
tered  plates  round  the  mouth  and  aans  and  the  "apical  disc." 
The  test  is  composed  of  numerous  calcareous  plates,  firmly 
united  to  one  another  by  their  edges,  arranged  in  rows  (fig. 
117,  a),  and  bearing  different  names,  according  to  their  posi- 
tion and  function.  In  the  curious  Urchins  which  form  the 
family  of  the  Echinoihurid^,  and  in  some  of  the  FataKizoic 
Echinoids,  the  plates  of  the  test  overlap  one  another  in  an 
imbricating  manner,  so  that  the  shell  becomes  flexible.  As 
a  rule,  however,  the  corona  forma  an  immovable  caae  or  box, 
within  which  the  animal  is  contained ;  and  its  growth  is 
carried  on  by  means  of  additions  made  to  the  edge  of  each 
individual  plate,  by  means  of  an  organised  membrane  which 


Fig.  116.— UorphologTofEchlnoidH.  A,  ForVon  ot  Hit  tai  al  Galirtla  litmttiJirrlau,  en- 
luged,  iJioiiliig  ml  iDlcr^mbulicnil  Hta  (a),  uid  ui  imbulunl  ana  (by.  a,  Osslul  uxl 
oruliir  dlK  of  BrmlcidarU  ItiUrmtidia,  tD]higei:  c,  OcuUr  plate;  <l,Geoltia  pMe;  (,  Anil 
ajiertiiTe  {  /,  Hadrtportform  tuberclflv    {Ait«r  Forbes.) 

passes  between  the  sutures,  or  the  lines  where  the  plates 
come  in  contact  with  one  another. 

In  all  recent  and  most  fossil  Echinoids,  the  test  is  com- 
posed of  twenty  meridional  rows  of  calcareous  plates,  which 
are  arranged  in  ten  alternating  zones  or  areas  (fig.  117,  a). 
Each  zone,  therefore,  is  composed  of  two  rows  of  plates.  In 
five  of  these  zones  (figs.  117,  b,  and  118)  the  plates  are  of 
large  size,  and  are  not  perforated  by  any  apertures.     These 
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zones  ate  called  the  "  iuterambulacral  areas."  The  remaining 
five  zones  alternate  with  the  former,  and  are  composed  of 
very  much  smaller  plates,  which  are  perforated  by  minute 
apertures  or  pores.  Through  these  apertures  are  emitted  the 
little  suctorial  tubes  of  the  water-vasciUar  system — the  so- 
called  "  ambulacral  tubes  "  or  "  tube  -  feet " — by  means  of 
which  the  animal  moves.  Hence  these  zones  of  perforated 
plates  are  termed  the  "  ambulacral  areas "  or  "  poriferous 
zones." 

In  one  great  group  of  the  Echinoids  the  ambulacral  areas 
pass  from  the  centre  of  the  base  of  the  shell  to  its  summit 
(figs.  117,  A,  and  119),  when  they  are  said  to  be  "perfect" 
{ambulacTa  perfecta)  or  "simple."     In  another  great  group 


Pig.  JIB,— OofcrHa  aOnyalmu.  The  flmf  Bgore  iIidvb  tho  unier  surr4w  wilh  the  month 
■Dd  snui ;  tfae  middle  Bgure  la  ■  Bide  view ;  and  U«  lighMujid  Sgura  ehoKi  tfaa  upjwr 
auiflce,  witli  the  uabuUcnd  areu  cunvergiiig  to  tba  apical  diic.    White  Chalk. 

the  ambulacral  areas  are  not  thus  continuous  from  pole  to 
pole,  but  simply  form  a  kind  of  rosette  upon  the  upper 
surface  of  the  shell  (figs.  117,  d,  and  120).     In  these  cases 


Fig.  120.— iSntsUa  tvbmtvnda,  ahavInK  peUlold  anibiilicni.    Miocene. 

— aa  in  the  common  Heart-nrchins — the  ambulacral  zones 
are  said  to  be  "  circumscript "  {aviJmlacra  circwmscripta)  or 
"  petaloid." 

The  most  important  external  structures  of  the  corona  are 
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the  tubercles  and  spines.  The  tubercles  are  rounded  eleva- 
tions upon  which  the  spines  are  carried  (figs,  117,  A,  and 
121).  They  vary  much  in  their  dimensions,  and  receive 
special  names,  according  to  their  size  or  position  on  the  test. 
Ordinarily  the  tubercle  consists  of  a  rounded  hall  or  hemi- 
sphere (the  "  mamelon ")  supported  upon  a  conical  process 
(the  "  boss  ")  -which  arises  from  the  plate.  The  ball  of  the 
tubercle  may  or  may  not  be  perforated  for  the  insertion  of  a 
ligament  which  is  attached  to  the  articular  surface  of  the 
spiue.  In  many  cases  (as  iu  fig.  121)  the  base  of  the  tu- 
bercle is  surrounded  by  a  round  or  oval,  smooth  and  excavated 
space  which  is  termed  the  "  areola  "  or  "  scrobicule." 


¥ig.  m.—Hemicidarit  try 

The  spines  are  movable  appendt^es  which  are  jointed  to 
the  tubercles  by  a  sort  of  "  ball-and-socket "  or  "  universal " 
joint.  They  are  used  defensively  and  in  loco- 
motion, and  vary  much  in  length  and  shape. 
Sometimes  they  are  very  minute ;  at  other 
times  they  attain  a  length  considerably  exceed* 
ing  the  diameter  of  the  test.  Sometimes  they 
are  slender,  tapering,  and  truly  spine-like  (fig. 
117,  e);  at  other  times  they  are  thickened, 
ovate,  or  almost  globular  (fig.  122),  The  spine 
fits  on  to  the  rounded  head  of  the  tubercle  by 
a  concave  articular  surface  (" acetabulum  "),  and     ^.'f^"'*';''* 

^  "of  CUIarii  glait- 

there  may  or  may  not  be  a  pit  at  the  bottom    <ivm«. 
of  this,  for  the  attachment  of  the  ligament  before 
spoken  of.     Above  the  acetabulum  or  socket  of  the  spine 
thei-e  is  a  prominent  ridge  or  ring,  more  or  less  "  milled," 
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for  the  attachment  of  the  muscular  fibres  which  move  the 
spine. 

The  "  apical  disc  "  or  "  genital  disc  "  occupies  the  summit 
of  the  test,  and  is  generally  composed  of  ten  plates  (figs.  117, 
c,  and  118,  b).  Five  of  these  plates  are  of  comparatively 
hags  size,  and  are  termed  the  "  genital  plates,"  each  being 
perforated  by  the  duct  of  an  ovary  or  testis.  Each  genital 
plate  occupies  the  summit  of  one  of  the  interambulacral 
areas.  One  of  the  genital  plates  {the  right  antero-lateral 
plate)  is  larger  than  the  others,  and  supports  a  spongy 
tubercle,  perforated  with  many  apertures,  like  the  rose  of  a 
watering-pot,  and  termed  the  "  madreporiform  tubercle  "  {fig. 
118,  b).  This  structure  protects  the  mouth  of  the  canal  by 
which  water  is  admitted  from  the  exterior  to  the  water- 
vascular  system.  Wedged  in  between  the  genital  plates,  and 
occupying  the  summits  of  the  ambulacral  areas,  are  five 
smaller,  heart-shaped,  or  pentagonal  plates,  each  of  which 
is  perforated  for  the  reception  of  an  "  ocellus  "  or  eye,  and 
which  are  therefore  termed  the  "  ocular  plates." 

Tlie  Echinoidta  may  be  divided  into  the  four  groups  of 
the  Eegular  Echinoids,  the  Echinotkurida:,  the  Fcrisehoeehi- 
nidat,  and  the  Irregular  Echinoids ;  and  we  may  briefly 
consider  the  more  important  characters,  the  geolt^cal  range 
and  the  leading  type  of  these  divisions. 

I.  Begular  Echinoids  (EcAinoidea  evdocydim). — In  this 
group  of  the  Echinoids  the  mouth  is  situated  in  the  centre 
of  the  base  (fig.  123),  and  the  vent  is  placed  at  the  summit 


of  the  test,  surrounded  by  the  genital  disc.  They  have  a  test 
which  is  almost  always  circular,  or  spheroidal,  or,  it  may 
be,  depressed ;  and  the  mouth  is  armed  witli  a  complicated 
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masticatory  apparatus.  The  Eegiilar  Echinoids  comprise  the 
families  of  the  Cidaridce,  HemwidaridiB,  Ihademadm,  Schin- 
idtn,  and  Saleniadce. 

In  the  Cidarida',  the  test  is  spheroidal  and  more  or  less 
flattened  at  the  oral  and  anal  poles.     The  ambulacral  areas 
(fig.  124),  are  very  narrow,  often  fiexuous,  and  never  pro- 
vided with  large  tubercles.     The  interambulacral  areas  are 
wide,  and  carry  large  perforated  tubercles,  surrounded  by  an 
areola,  and  supporting  the  primary 
spines.      The  spines   are  of  two 
sizes,   the  primary   ones   usually 
more  or  less  cylindrical,  clavate, 
or  fusiform,  and  generally  longi- 
tudinally   ridged    or    tuberculate 
(flg.  122).     Of  the  genera  of  this 
family,  Cidaris  itself  (fig.  124)  is 
the  most  important,  ranging  from 
the   Trias   to    the   present   day. 
Shabdoddaris  is  Jurassic  and  Cre-      /%J^J-^°^V ''^°'  "'"J*^ 

of  Cidarii  rufcf  Imo,  of  the  nitunl 

taceous;   Z>ip/o«rf(im  is  Jurassic ;    "i»  C'*!''-  (ArurWrighi.) 
and  the  ParocidaHs  of  the  Secon- 
dary and  Tertiary  periods  has  now  been  detected  by  Sir 
Wyville  Thomson  in  a  living  condition. 

In  the  ffemicidaridce  (fig.  121)  the  test  is  spheroidal, 
more  or  less  depressed,  and  with  a  close  general  resemblance 
to  that  of  the  CidaridcE.  The  ambulacral  areas,  however, 
though  narrow  and  mostly  undulated,  are  wider  than  in  the 
Cida-ridcB,  and  are  provided  with  comparatively  large  tuber- 
cles, which  may  be  developed  inferiorly  only  {Hemiddaris), 
or  which  may  extend  along  the  entire  length  of  the  area 
{AcrocidarU).  The  interambulacral  areas  are  wide,  and  carry 
very  lai^e  perforated  tubercles  with  crenulated  bosses.  The 
spines  are  usually  long,  cylindrical,  and  taperiDg.  The  type- 
genus  of  this  family  is  Hemicidaris  (fig.  121),  which  ranges 
from  the  Upper  Trias  to  the  Lower  Cretaceous  inclusive.  In 
Acrocidaris,  of  the  Jurassic  period,  the  ambulacral  areas  are 
comparatively  wide. 

In  the  family  of  the  Diademadw — sometimes  made  to 
include  that  of  the  ffemiddaridec — the  test  is  circular  or 
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pentt^onal,  more  or  less  depressed  and  flat  below.  The 
ambulacral  areas  are  wide,  and  cany  two  rows  of  large 
primary  tubercles  (fig.  125),  equal  in  size  to  the  two  or  more 
rows  of  tubercles  upon  the  interambulacra.  The  tubercles 
are  sometimes  perforated,  sometimes  imperforate,  and  they 
may  or  may  not  be  crenulated.      The  spines  are  cylindrical 


fMj.1 


and  slender,  and  usuaUy  of  considerable  length.  In  the 
living  DiadeTna  and  in  Astropyga  the  spines  are  long,  tubu- 
lar, and  covered  with  imbricated  scales  arranged  in  oblique 
rings.  As  the  type  of  the  family  we  may  take  Pseudodia- 
dema,  which  ranges  from  the  Liassic  to  the  Tertiary  inclusive, 
and  in  which  the  spines  are  solid  and  microscopically  striated, 
while  the  tubercles  are  perforated  (fig.  125).  In  the  Cretace- 
ous Cyphosoma  the  tubercles  are  solid.  Hemipediiia,  agdin,  of 
the  Oolites,  is  very  like  Pseudodiadema,  but  the  tubercles  are 


not  crenulated.  We  may  also  place  here  the  Cretaceous 
genus  Goniopygrus  (fig.  126),  which  presents  us  with  a  type 
intermediate  between  the  Diadefinadoi  and  Salmiadce.  It  ap- 
proaches the  latter  family  more  particularly  in  the  great  size 
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of  the  apical  disc ;  but  this  structure  is  only  composed  of  the 
normal  ten  plates,  and  vante  the  supemumeraiy  or  "  sur- 
anal "  plate  of  the  Saleniadm. 

In  the  family  of  the  SaleniadcE  the  test  is  generally  spher- 
oidal, hemispherical,  or  depressed,  and  the  ambnlacrsl  areas 
are  always  narrow,  sometimes  straight,  sometimes  flexuons, 
and  without  lai^  primary  tubercles.  The  interambulacral 
areas  are  always  provided  with  two  rows  of  laige  tubercles, 
with  crenulated  bosses,  which  may  or  may  not  be  perforated. 
The  leading  character  of  the  family,  however,  is  to  be  found 
in  the  apical  disc  (figs.  123  and  127),  which  is  of  unusually 
large  size,  and  possesses  a  super^ 
numerary  or  "  suranal "  plate  in 
addition  to  the  ten  normal  plates. 
This  suranal  plate  (fig.  127,  a)  is 
placed  in  front  of  the  anus,  and 
it  may  be  single,  or  it  may  be 
broken  up  into  several  (not  more 
than  eight)  elements.  Of  the 
genera  of  the  Salmiadts,  Acroso' 
tenia  is  essentially  Jurassic ;  Pel- 
tastea  and  Ooniophorm  are  Cre- 
taceons;  and  Salenia  itself  (fig. 
123),  commencing  in  the  Cretar 
ceous,  is  not  only  found  in  the  _ 
Tertiary  rocks,  but  has  now  been  wright) 
detected  in  a  living  condition. 

Lastly,  in  the  great  family  of  the  SchiniiUe  the  test  is 
usually  globular  or  hemispherical ;  and  the  ambulacral  areas 
are  comparatively  wide,  and  always  carry  two  or  more  rows 
of  tubercles.  The  interambulacral  areas  are  wide,  and 
carry  primary  tubercles,  which  are  always  imperforate,  and 
are  never  of  very  lai^e  size.  The  spines  are  short  and  awl- 
shaped,  and  their  surface  is  marked  with  fine  longitudinal 
lines.  Of  the  genera  of  this  family,  Glypticas,  Magnotia, 
Polycyphna,  the  great  gronp  termed  StomecMnus,  and  others, 
occur  in  the  Jurassic ;  Codiopsia  is  Cretaceous ;  and  Te»i- 
neekimis  is  Tertiary  and  Recent. 

ir.  EcHiNOTUUKiD^ — In  this  small  but  highly  reniark- 
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able  division  of  the  Echinoidea  the  test  is  "  regular,"  the 
anus  being  placed  in  the  centre  of  the  apical  disc,  and  the 
ambulacral  areas  being  continuous ;  but  the  plates  of  both 
the  ambulacral  and  interambulacral  areas  are  imbricated 
and  overlap  one  another  (fig.  128),  the  test  thus  becoming 
flexible.  In  this  abnormal  character,  the  EchiTwthunda 
agree  with  some  of  the  Palteozoic  Urchins,  but  they  differ 
from  these,  and  agree  with  the  ordinary  Begular  Echinoida 
in  having  the  test  composed  of  no  more  than  twenty  rows 
of  plates. 


Fig,  I2«.— Portion  of  one  at  Oietm^laati  arena  i^Erhinethuriafiori),  enlu^  four 
Unaa.    Clulk.    (An«rWrtgbt.) 

The  only  fossil  forms  of  this  group,  as  yet  discovered, 
are  referable  to  the  Cretaceous  genus  Echitiolhuria,  the  true 
affinities  of  which  have  now  been  elucidated  by  the  dis- 
covery of  the  extraordinary  living  types  referred  to  the 
genera   Calveria  (or  Asthenosoma)  and  Phonnosoma. 

III.  Peeischoechinid^. — In  this  group  we  have  a  series 
of  singular  Palteozoic  Sea-urchins,  which  agree  with  the  two 
preceding  sections  in  having  a  "regular"  test,  but  which 
differ  from  all  known  Echinoids,  living  or  extinct,  in  having 
the  test  composed  of  more  than  twenty  rows  of  plates.  The 
test  is  BtUl  divided  into  five  ambulacral  and  five  interam- 
bulacral areas,  but  there  is  a  multiplication  of  the  rows 
of  plates  in  either  the  ambulacra  or  interambidacra,  or  in 
both.  The  apical  disc  consists  of  no  more  than  the  normal 
ten  plates,  and  the  anus  is  placed  in  its  centre.  The 
ambulacral  areas  are  continuous  from  pole  to  pole. 

lu  the  genus  Palmckinus  (fig.  129)  the  test  is  spheroidal, 
and  its  plates  abut  against  one  another  without  any  over- 
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lapping.  The  ambulacral  areas  are  comparatively  narrow,  of 
two  rows  only,  each  plate  perforated  by  two  pores.  The  in- 
terambulacral  areas  are  broad,  and  are  composed  of  from  five 


to  eight  rows  of  plates.  The  apical  disc  (fig.  130,  a)  has 
five  triply-perforated  genital  plates,  and  an  equal  number 
of  doubly-perforated  ocular  plates  (Baily),  but  the  latter  are 
not  recc^nised  by  De  Eoninck.  The  genus  is  said  to  occur 
in  the  Silurian,  but  is  principally  known  as  occurring  in  the 
Carboniferous  rocks. 


The  genus  EoHdaris,  of  the  Devonian,  Carboniferous,  and 
Permian  formations,  also  api>ears  to  have  rigidly  articulated 
plates.     Tlie  interambulacra  are  of  five  or  more  rows,  some 
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of  which  disappear  hefore  reaching  the  poles.  Each  inter- 
ambulacral  plate  carries  a  primary  tubercle,  not  surrounded 
by  a  ring.  The  ambulacral  areas  are  composed  of  two  rows 
of  plates. 

In  the  genera  Mdonites  and  Oligopoms,  of  the  Carboniferous 
rocks,  we  have  large  spherical  Urchins,  in  which  the  test 
appears  to  have  been  rigid,  though  some  of  the  plates  ate 
occasionally  bevelled  off,  bo  as  to  articulate  in  an  over- 
lapping manner  with  one  another.  In  Mdonites  (fig.  131) 
there  ia  a  multiplication  of  the  plates  of  both  the  interam- 
bulacral  and  ambulacral  areas,  the  former  consisting  in  the 
middle  of  about  nine  rows,  while  the  latter  are  of  eight  rows, 


Fig.  lai.-*,  Portion  at  m 
ombuUcnl  aruor  Ollfoponu  Dai 
ItertHU.    (Meek  anil  Wortfaen). 


or,  in  a  British  species,  of  from  twelve  to  fourteen  rows. 
The  central  two  rows  of  ambulacral  plates  are  larger  than 
the  rest  and  elevated  above  them,  and  each  plate  of  these 
areas  is  doubly  perforated.  The  apical  disc  (fig.  130,  b)  ia 
composed  of  the  normal  ten  plates,  but  the  ocular  plates 
are  sometimes  imperforate,  and  the  genital  plates  are  fur- 
nished witli  from  three  to  five  pores. 
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Oligoporus  (fig.  131,  b)  ifi  very  similar  to  Mdoniies,  but 
the  ambulacml  areas  consist  each  of  only  four  rova  of 
plates. 

In  the  genua  Archaocidaris,  ■well  known  as  a  Carbon- 
iferous type,  the  test  is  spheroidal,  the  ambulacra  are  only 
two-rowed,  and  the  interambulacra  are  wide,  and  are  com- 
posed of  three  or  more  rows  of  plates.  The  interambulaeral 
plates  carry  each  a  large  perforated  primarj'  tubercle,  and 
have  the  cnrious  character,  as  shown  by  Mr  John  Young, 
that  some  of  their  edges  are  bevelled  off,  this  clearly  ap- 
pearing to  indicate  a  certain  amount  of  flexibility  in  the 
test,  similar  to  what  we  have  seen  in  the  group  of  the 
EehirwihurideE. 

A  much  nearer  approach  to  the  type  of  the  Echiruh 
thuridcB,  however,  is  made  by  some  other  genera  of  the 
PeriechoKhinidoe.  In  the  forma  in  question  {Perischodo- 
mu8,  Lepidechinus,  &c.)  the  plates  of  the  test  overlap  one 
another  in  an  imbricating  manner,  as  in  the  recent  Calvtria, 
and  the  test  must  have  been  quite  flexible.  In  the  Echino- 
thuridce,  however,  the  imbrication  of  the  interambulaeral 
plates  is  from  above  downwards,  and  that  of  the  ambnlacral 
plates  from  bdow  upwards,  exactly  the  reverse  of  this 
arrangement  taking  place  among  the  flexible  Perischoeckinida. 
Moreover,  the  former  have  only  twenty  rows  of  plates  in 
the  test,  whereas  this  number  is  exceeded  in  the  latter.  In 
the  Carboniferous  Periachodcmua  there  are  two  rows  of  am- 
bulacral  and  five  rows  of  interambulaeral  plates,  and  in  the 
nearly  allied  Lepidechinus,  of  the  Devonian  and  Carboniferous, 
there  are  as  many  as  eleven  rows  of  interambulaeral  plates. 
The  Carboniferous  genus  Rhoeckinvs  is  very  nearly  allied  to 
the  two  preceding,  but  the  interambulaeral  plates  have  no 
primary  tubercles.  Lastly,  in  the  Carboniferous  Lepidedhes 
we  have  another  flexible  Perischoechiifid,  with  imbricated 
plates,  but  the  ambulacra  were  composed  of  no  less  than 
ten  rows  of  plates,  and  the  interambulaeral  areas  are 
comparatively  narrow,  and  are  composed  of  several  rows 
of  plates. 

IV.  Irregular  Echihoids  (Echinmdea  exoe^ica). — In  this 
section  of  the  Eckinoidm  the  test  is  generally  of  an  oblong. 
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peotc^onal,  Iieait-shaped,  or  discoidal  figore  (as  in  the  com- 
mon "  Heart-urcliins"  and  "Cake-urchins");  the  anus  is 
sUuaied  ouiside  the  apical  dix,  usually  marginal  or  submar- 
ginal  in  position ;  there  are  mostly  only  four  genital  plates 
in  the  apical  disc ;  and  the  mouth  is  mostly  destitute  of 


'Imgiitar-Echinoid.     Tha  righ^h. 

ell.  with  the  gen 

Itnl  <i\K.    The  left-hand  Hgure  ohowi 

mted  both  the  i. 

iQUth  »nd  mile.    Cietaceoui. 

a  masticatory  apparatus.  Tlie  Irregular  Echinoida  may  be 
divided  into  the  families  of  the  Echinoconidw,  Collyritidw, 
Echinonidw,  Echindbrissida:,  Schinolampade^,  Clypeastnda- , 
Anaiichytida:,  and  ^paiaixgida;. 

In  the  Eckiiioccnidee  the  test  is  usually  circular  or  pen- 
tagonal, the  ambulacral  areas  narrow,  and  the  plates  of  both 


Fig.  I3S.— J>«iJ(n-  (Tunraluj,  viewed  fmm  > 

areas  carrying  small,  crenulated,  and  perforated  tubercles. 
The  mouth  is  inferior  and  central  in  position,  toothed ;  the 
vent  is  on  the  upper  surface,  marginal,  or  inferior ;  the  apical 
disc  central,  superior,  and  composed  of  the  normal  ten 
plates.     The  spines  are  short  and  awl-shaped. 

All  the  members  of  this  family  are  found  in  the  Oolitic  and 
Cretaceous  rocks.  The  genua  Pygader  (fig.  133)  commences 
in  the  lowest  Jurassic  deposits,  and  extends  upwards  into  the 
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Cretaceous.  It  is  easily  recognised  by  the  great  size  of  the 
nnal  aperture,  which  ie  oblong  or  pyriform  in  shape,  and  is 
placed  upon  the  upper  surface  of  the  test.  The  genus  H^)o- 
elypus  (fig.  134),  again,  is  an  aberrant  type,  since  the  mouth, 


tlfl.  1M-—Hjtb'irjyjrni  ifihbiruliUy  visard  from  aIwto,  from  one  aUle,  uidftom  below. 
Junsaic 

ttiough  inferior,  ia  not  central ;  the  opening  of  the  anus  is 
placed  in  a  longitudinal  dorsal  valley ;  and  the  posterior  two 
ambulacral  areas  are  disjoined  from  the  anterior  three,  con- 
verging (as  in  the  CollyrUidm)  to  two  distinct  points  upon 
the  upper  surface  of  the  test.  Of  the  remaining  genera  of 
this  family  the  two  most  important  are  Gaierites  (fig.  119) 
and  ZHsandea  (fig.  132),  constituting  two  nearly  related  types 
which  are  widely  distributed  in  the  Cretaceous  rocks.  SbUc- 
tjipus  (fig,  136,  a),  lastly,  is  closely  aUied  to  Discoidm,  and 
is  principally  confined  to  the  Jurassic  period. 

In  the  small  and  singular  family  of  the  Gollyritida;  (fig. 
135),  the  test  is  usually  ovate  or  heart-shaped ;  the  ambu- 
lacral areas  are  narrow,  and  are  "  disjunct,"  meeting  at  two 
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Fig.  1SS.— CMIyrltea  (ZXmta-)  Exulai,  vleveil  from  above,  from  one  ililF.  BQil  from  botnir. 

JUIBBsip. 

more  or  less  remote  points  upon  the  upper  surface ;  and  the 
tubercles  are  small,  perforated,  and  creoulated.  The  mouth 
is  inferior  and  excentric ;  the  anus  is  supra-marginal ;  and 
the  elements  of  the  apical  disc  are  detached.     This  family  is 
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wholly  confined  to  the  Juraasic  and  Cietaceoua  rocks,  and 
by  far  the  most  important  genus  contained  in  it  ia  Collyritca 
{Dimder  or  Dysadtr)  itself. 

In  the  small  family  of  the  Schinonida  the  teat  is  oval, 
the  ambulacral  zones  meeting  at  the  apical  disc,  and  the 
tubercles  neither  perforated  nor  crenulated ;  this  last  char- 
acter aeparating  the  family  from  the  Echinoconidcc.  There 
are  only  four  genital  plates  in  the  apical  disc ;  the  mouth 
is  inferior,  central,  and  toothless ;  and  the  anus  is  usually 
BUpra-marginal.  The  only  fossil  genus  is  the  Pyrina  of  the 
Cretaceous  rocks. 

In  the  family  of  the  Echinobri^ida:  {Casaidvlida  in  part) 
the  shape  of  the  test  is  variable ;  the  tubercles  are  small, 
imperforate,  uDcrenulated,  and  surrounded  by  sunken  areoke; 
the  spines  are  short  and  slender ;  and  the  ambulacral  areas 
are  petaloidai,  lanceolate  above,  or  sub  -  petaloidaL  The 
mouth  is  inferior,  sub-central,  and  edentulous ;  and  the  anus 
(fig.  136,  b)  is  dorsal,  opening  in  a  valley,  or  supra-marginal. 


Besides  the  living  NudeolUea,  the  family  comprises  a  large 
number  of  Jurassic,  Cretaceous,  and  Tertiary  Urchins,  be- 
longing to  the  genera  Eehindbriesus  (fig.  136,  b),  Clyptut, 
Catopygus,  Pygaulua,  &e. 

In  the  family  of  the  Echirudampada  {Ca^idvlidm  in  port) 
we  have  Urchins  in  many  respects  agreeing  with  the  Echino- 
briseidm,  especially  in  their  petaloidai  or  sub-petaloidal  am- 
bulacra, but  having  the  anus  maiginal,  infra-marginal,  or 
aitpra-marginal,   in  no  case   opening  into   a    dorsal   sulcus. 
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Moreover,  the  ambulacral  zooes  are  expaaded  and  petaloid 
in  the  immediate  neighbourbood  of  tbe  moutb,  and  so  fonn 
an  "  oral  rosette  "  in  tiie  centre  of  the  base,  while  the  tuber- 
cles are  often  perforated.  Of  the  more  important  genera  of 
this  family,  Pi/ffums  is  Oolitic  and  Cretaceous,  Conodypua 
and  EchinatUhus  are  Cretaceous  and  Tertiary,  and  £ehiiu>- 
lampas  is  Tertiary  and  Recent 

In  the  famUy  of  the  ClypeaatrideB  the  test  is  usually 
circular  or  elliptical,  generally  depressed,  the  surface  covered 
with  small  tubercles  surrounded  by  sunken,  ring-like  arcolcB, 
and  carrying  hair-like  spines.  The  dorsal  portions  of  the 
ambulacral  zones  are  wide  and  petaloid,  and  the  ambulacral 
pores  are  confined  to  the  apical  "  rosette  "  thus  formed.  The 
mouth  is  inferior,  central,  and  armed  with  teeth ;  and  the 
amis  is  marginal  or  infra-marginal.  The  numerous  types 
included  in  this  family  range  from  the  Cretaceous  to  the 
present  period,  the  most  important  genera  being  ClypeaUer, 
SciUella  (fig.  120),  Echinocyavius,  and  Echiruirachniua. 

In  the  family  of  the  AnanchytidcB  ( ^=  Echinocoridw,  Wr^ht) 
the  test  is  usually  ovate  or  heart-shaped,  the  mouth  is  tooth- 
less, excentric,  and  advanced  forward,  and  the  anus  is  mar- 
ginal, infra-mai^inal,  or  supra-marginal  {fig.  137,  B).  The 
ambulacral  areas  are  not  petaloidal,  and  the  ambulacral  pores 
are  not  confined  to  a  dorsal  rosette.  There  are  four  genital 
pores  in  the  apical  disc ;  the  tubercles  are  small,  perforated, 
and  crenulated ;  and  the  spines  are  minute. 

The  <  chief  genus  of  this  family  is  Ananchytes  itself  (fig. 
137,  b),  represented  by  many  forms  in  the  Cretaceous  rocks, 
Holader,  abundantly  represented  in  the  Cretaceous,  is  very 
nearly  allied  to  Ananchytes,  hut  has  the  anus  supra-marginal. 
In  Cardiaster,  again,  which  is  also  Cretaceous,  there  is  the 
additional  character  of  the  existence  of  a  "  fasciole,"  which 
passes  beneath  the  anus  and  is  continued  on  the  sides  of 
the  test.  As  will  be  seen  immediately,  the  presence  of 
"  fascioles  " — that  is  to  say,  of  circumscribed  bands  of  micro- 
scopic granules,  occupyiug  definite  areas  and  positions  on 
the  test — is  h^hly  characteristic  of  the  Spatangidee,  towards 
which  Cardieuter  thus  makes  an  approach. 

Lastly,  in  the  family  of  the  ^patan^idoe  or  Brimdte 
VOL.  I.  Q 
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("  Heart-urchins ")  the  test  is  oval,  oblong,  or  commonly 
heart- shaped ;  the  ambulacra  {fig.  137,  A)  are  petaloid,  the 
anterior  one  unpaired,  usually  lodged  in  a  groove  or  "sul- 
cus," and  thus  rendering  the  skeleton,  bilaterally  symmetrical. 


.    (AlUr  Edvanl  ForlMB.} 

The  anus  ia  posterior  and  supra-niai^inal.     The  mouth  is 
inferior,  excentric,  and  toothless.     The  tubercles  are  small, 
and  support  hair-like  spines,  but  there  are  larger,  crenulated, 
and  perforated  tubercles  for  supporting  larger  spines.     As  a 
rule,  bands  of  microscopic  tubercles  known  as  "  fascicles " 
(fig,  138)  are  present,  and  oc- 
cupy different  positions  in  dif- 
ferent genera.     Sometimes  the 
"  fasciole  "  surrounds  the  am- 
bulacral  rosette,  when  it  is  said 
to  be  "  peripetalous  ;  "  some- 
times   it    ia    "  internal,"    sur- 
both  fMm  «bove  ind  heiow?  The  left-    roundmg  the   uHpftired  ambu- 
ur"'iHbriTcS""Ltw  " '^'"'"  °"'*"*    lacrum;  sometimes  it  surrounds 
the   sides,   and   is   said   to  be 
"  lateral ; "  at  other  times   it  runs   round   the   test,   and   is 
termed  "mai^nal;"  and  lastly,  it  may  be  limited  to  the  base 
of  the  anal  aperture,  when  it  is  termed  "  sub-anal."     Of  the 
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genera  of  the  Spaiait^ideB,  Mierader  (fig.  137,  a),  Echino- 
spatagus,  Bpiaster,  and  others  are  Cretaceous ;  Hemiaster  and 
Periaster  are  both  Cretaceous  and  Tertiary ;  Cfualtieria  (fig. 
138),  Macropneuetes  and  Fericogmus  are  Tertiary;  and  ^)at- 
angus,  Scfi/izaster,  Eupatagua,  Bria^u,  and  Srissopsia  are  repre- 
sented both  in  Tertiary  deposits  and  in  our  recent  seas. 
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CHAPTEE   XIII. 


A8TEB0IDEA  AND  OPSIUROIDEA. 

OrDEE   II. — ASTEEOIDEA. 

The  order  Aderoidea  or  Stdlerida  compri9es  the  otdinaiy 
"  star-fiaheB,"  and  is  defined  by  the  fact  that  the  body  (fig.  139) 
is  siar-shaped  or  pentagonal,  and  consists  of  a  central  "  disci' 
surrownded  hy  jive  or  more  lobes  or  "  anns."  The  arms  are 
truly  pTolongaiiom  of  the  body,  are  hollow,  and  contain  pro- 
longations of  the  stoTnach  in  their  interior.  The  arms  are, 
further,  grooved  on  their  under  surface  for  the  reception,  of  the 
ambulaeral  or  water-vascular  vessels.  From  these  grooves  the 
tube-feet  are  protruded  in  tvx)  or  four  rows.  The  integumfTit 
(perisome)  is  leathery,  but  is  more  or  less  calcified  by  the  de- 
vdopment  in  it  (if  plates,  granules,  and  ipines  of  carbonate  of 
lime.  The  m.ovih  is  inferior  in  position,  and  is  toothless.  An 
anus  is  usually  present,  hd  may  be  absent. 

The  two  mo8t  striking  features  which  distinguiah  the  Star- 
fishes from  the  Sea-urchins  are  the  star-like  figure  of  the 
former,  and  the  tact  that  the  hody  is  not  enclosed  in  an  im- 
movable calcareous  hox  or  "  test,"  as  it  is  in  the  latter.  The 
int«^ument  of  the  Asteroidea  is,  however,  so  richly  provided 
with  calcareous  matter,  that  though  more  or  less  soft  and 
flexible  during  life,  it  is  quite  capable  of  beii^  preserved 
in  a  fossil  condition.  It  is,  of  course,  wholly  with  the  cal- 
careous secretions  of  the  animal  that  the  palseontologist  has 
to  deal ;  and  we  may  therefore  dispense  with  any  further 
account  of  the  soft  parts,  beyond  what  is  contained  in  the 
above  definition. 
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In  their  form  the  Star-fishea  differ  coosideTably,  though  in 
most  the  figure  is  markedly  Btellate,  The  atumal  consists  of 
a  central  body  or  "  disc,"  which  gives  off  radiating  processes 
or  "  arms,"  but  the  size  of  the  disc  is  very  different  in  different 
species,  and  the  arms  vary  greatly  in  length  and  in  number. 
In  many  living  and  extinct  forms  the  "  disc  "  ia  inconspicuous, 
and  appears  to  be  formed  simply  by  the  junction  of  the  bases 
of  the  arms,  which  in  this  case  are  normally  five  in  number. 
The  living  UroMers  and  Criiellee, 
and  the  extinct  Palceadera  (fig, 
139),  may  be  taken  as  examples 
of  this  state  of  parts.  In  other 
forms,  as  in  the  Sun-stars  (Solaster) 
and  the  extinct  Zepidasters  and 
Plumasiers,  the  disc  is  very  broad, 
exceeding  or  equalling  the  length 
of  the  arms  in  its  diameter ;  whilst 
the  rays  vary  in  number,  from  eight 
or  t«n  up  to  thirty  or  more.  In 
the  Cushion  -  stars   {Qoniader  and 

Ooniodisciis),  again,  the  body  is  pentagonal,  diac-ahaped,  and 
flattened  on  the  two  sides,  and  the  arms  can  only  be  recog- 
nised by  the  ambulacral  grooves  on  the  lower  surface  (fig. 
140). 

On  the  upper  surface  of  the  body,  placed  nearly  in  the 
centre  of  the  disc,  is  the  aperture  of  the  anus,  when  this  is 
present ;  but  the  genera  AstropecUa,  Ctmodiscm,  and  Luidia 
are  destitute  of  a  vent.  Also  on  the  upper  surface  is  the 
"  madreporiform  tubercle,"  in  the  form  of  a  spongy  or  striated 
disc  placed  at  the  angle  of  junction  of  two  rays.  It  has  the 
same  function  as  in  the  Echinoids,  serving  to  protect  the 
entrance  to  the  water-vascular  system.  Ordinarily  there  is 
a  sin^e  madreporiform  tubercle,  but  in  some  genera  there 
are  two,  three,  or  more  tubercles  ;  and  there  seems  in  some 
cases  to  be  a  correspondence  between  the  number  of  the 
arms  and  the  number  of  madreporic  plates. 

Placed  in  the  centre  of  the  lower  surface  is  the  month,  at 
the  angles  of  which  are  the  ao-called  "  oral  plates  "  (fig.  140). 
Radiating  from  the  mouth  are  a  series  of  furrows,  varying  in 
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number  with  the  anns,  and  termed  the  "  ambulacral  grooves." 
Each  ambulacral  groove  is  continued  along  the  lower  surface 
of  one  of  the  arms,  tapering  gradually  towards  the  extremity 
of  the  latter.     The  floor  of  each  groove  is  constituted  by  a 
double  row  of  minute  calcareous  pieces — the  "ambulacral 
ossicles " — which  are  movably  articulated  to  one  another  at 
their  inner  ends.     At  the  bottom  of  each  groove  ia  lo<^ed 
one  of  the  radiating  canals  of  the  water-vascular  system  or 
ambulacral  system,  from  which  are   given  off  the  rows  of 
suctorial  feet,  or  "  tube-feet."     It  follows  from  this  that  the 
radiating  vessels  of  the  ambulacral  system   are  outside  the 
chain  of  ambulacral  ossicles,  so  that  these  latter  are  to  be 
r^arded  ss  an  internal  skel- 
eton, and  they  do  not  corre- 
spond with  any  part  of  the 
skeleton    of  Echinoids^ — at 
least  they  do  not  correspond 
with    the    perforated    ambu- 
lacral   plates    of    the    Sea- 
urchins.     The  ambulacral  os- 
sicles, however,  of  the   Star- 
fishes are  of  such  a  form  that 
Fig.i«.-iM.gruiior.Biu--fl.h(ft™fa.cn-),    by  their  apposition   an  aper- 
«r^^^''^^jr\^mbS^Sd  *    'ire  or  pore  is  formed  between 
BtciM,  witii  the  smbutacna  por«  batwean    each  pair.     Bv  mcans  of  these 

them;   b,  AdwalinlacnU  plule.,  bounding  ^  / 

the  unbulicnJ  gnwTH  ;  m,  Mugbul  pUUi      poreS    (llg.   14U,    O)    tOe    tUDO- 

ES  u  i':i3.'St™t!i"'  ""*  leet  commumcate  with  a  series 
of  little  bladders,  or  "am- 
pullse,"  placed  above  the  chain  of  ossicles.  These  perforations, 
however,  do  not  correspond  with  the  perforated  plates  of  the 
Echinoid  test,  and  the  tube-feet  of  the  Star-fishes  pass  through 
no  "  poriferous  "  plates  on  their  way  to  the  exterior. 

This  may  be  rendered  more  intelligible  by  examining  a 
section  of  the  arm  of  a  Star-fish  from  which  the  soft  parts 
have  been  removed  (fig.  141).  In  such  a  section  the  am- 
bulacral ossicles  {a,  a)  are  seen  in  the  centre  of  the  lower 

'  The  atmctuns  in  the  Eckintu,  which  are  truljr  homologotu  with  the 
unbulacral  osaiclea   of  the  AtUrmdta  uid   Ophimntidta,   are  the  »)'<^ed 
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Burface,  united  along  the  middle  line  by  their  inner  ex- 
tremities. They  are  so  placed  as  to  form  a  kind  of  elongated 
pent-house,  and  immediately  beneath  the  line  where  the 
ossicles  of  one  side  are  articulated  with  those  of  the  other 
side  is  placed  the  ambulacral  vessel  (b).  Superficial  to  this, 
again,  is  a  nerve-cord ;  so  that  the  whole  chain  of  ambulacral 
ossicles  is  placed  in  the  midst  of  the  soft  parts  of  the  animal, 
and  is  thus  clearly  an  internal  skeleton.  At  their  outer  ex- 
tremities the  ambulacral  ossicles  are  articulated  by  the  inter- 
vention of  the  " adambulacral  plates"  (fig.  140,  b),  with 
plates  belonging  to  the  external  or  integumentary  skeleton, 
to  be  immediately  described.  As  before  said,  the  shape  of 
the  ambulacral  ossicles  is  such  that  a  pore  is  formed  by  the 


Rg.  141.— Section  of  Che  n^f  UtomUt  m&nu.    a,  a,  Ambulicnl  o 

the  BmbulMnil  vessel ;  c,  c.  Plates  of  Ue  eitemil  skeleton ;  n,  Nerre-c 

onL    The  dotted  U 

■how  the  tube-feet  pnceedlng  fmn  the  smbuUcral  vessel. 

apposition  of  each  pair ;  and  by  these  apertures  each  tube- 
foot  communicates  witii  a  vesicle  placed  internal  to  the 
chain  of  ossicles.  It  will  be  seen,  however,  that  the  tube- 
feet  (indicated  by  the  dotted  lines  in  the  figure)  do  not  pass 
through  these  apertures,  or  through  any  other  pores  of  the 
skeleton,  on  their  way  to  the  surface.  The  "  poriferous 
zones  "  of  the  Sea-urchins  are  part  of  the  external  skeleton, 
and  are  not  represented  in  the  Star-fishes.  On  the  other 
hand,  the  int^umentary  skeleton  in  the  Star-fishes  is  aisent 
along  the  ambulacral  areas,  or  along  the  areas  occupied  by 
the  ambulacral  grooves. 

Leaving  the  ambulacral  ossicles  or  internal  skeleton  of  the 
Astewidm,  we  come  now  to  the  int^umentary  skeleton. 
This  consiste  of  a  vast  number  of  smdl  calcareous  pieces, 
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OP  "  ossicles,"  united  together  so  as  to  form  a  species  of 
chain-armour.  The  ossicles  are  generally  united  with  one 
another  in  a  reticulated  manner,  and  the  interspaces  between 
them  are  filled  by  the  coriaceous  integument.  In  some 
genera  there  is  a  single  or  double  row  of  large  plates  round 
the  borders  of  the  disc  and  arms  (fig.  140,  m).  These  are 
termed  the  "  maiginal  plates."  The  integument  in  the  Star- 
fishes is  also  furnished  ^^dth  spines,  tubercles,  and  granules 
of  calcareous  matter.  The  spines  vary  in  their  development 
and  in  their  position  in  different  Star-fishes;  but  there  is 
commonly  a  row  of  spines  along  each  side  of  each  of  the 
ambulacral  grooves.  In  some  genera  (as  in  Sdader,  Laidia, 
Ctenodiscus,  Sec.)  there  are  spines  the  summits  of  which  carry 
bunches  or  tufts  of  minute  calcareous  processes.  These  are 
termed  "  paxillse."  Lastly,  in  Asieroidea,  as  in  Echinoidea, 
there  are  the  modified  pincer-like  spines  which  are  known 
by  the  name  of  "  pedicellarise." 

As  regards  their  distribution  in  time,  the  Asterroidai  have 
a  long  vertical  range,  extending  from  the  Cambrian  to  the 
present  day.  In  the  Upper  Cambrian  of  Britain,  remains  of 
members  of  this  order  have  been  detected  (Henry  Hicks),  and 
others  have  been  described  from  rocks  in  Sweden,  believed 
to  be  of  the  age  of  the  Lower  Cambrian.  In  the  Silurian 
seas  Star-fishes  were  comparatively  abundant,  and  their  re- 
mains are  found,  though  rarely,  in  the  subsequent  Devonian 
and  Carboniferous  formations.  In  the  Secondary  deposits, 
and  more  especially  in  the  Jurassic  and  Cretaceous,  Star- 
fishes, often  belonging  to  existing  genera,  are  far  from  un- 
common ;  and  other  types,  closely  related  to  living  forms,  are 
found  in  the  Tertiary. 

As  regards  living  forms,  the  order  Asteroidai  may  he 
divided  into  the  following  five  families : — 

Familyl,  AtteriadaotAiterveanlhiidm. — Foottowb  of  ambnlacntl  fe«L 
Fam.  2.  Attropeelinida. — Two  rows  of  ambulacral  feet  j  back  flattiab, 

netted    with    tubercles,   which  carry  radiatiog  epinee   at   the  tip 

("  paxillw"). 
Fam.  3.  Onastrida.—Tvo  rows  of  unbolacisl  feet;  skin  granular,  pierced 

hj  minute  pores. 
Fam.  4.  Aittnnida.—Tvo  rows  of  arobulacntl  feet ;  bodf  dieeoidal  or 
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pjiamidsl,  sharp-edged ;  akeleton  of  imbricate  platea ;  dorsal  wart 
Hingle,  rarely  double. 
Fatit.  5.  Brumgidm. — Anus  long  and  rounded,  Bharplj  marked  off  from 
the  disc    Auibulacral  giooves  not  reaching  the  mouth ;  two  rows  of 
ambaUcral  feet. 

Owing  to  the  imperfect  state  of  preservation  in  which  the 
remains  of  fossil  Star-fishes  are  usually  found,  it  is  difficult 
or  impossible  to  speak  definitely  aa  to  the  precise  affinities 
of  many  of  the  extinct  species.  The  Srwi-ngida  are  not  cer- 
tainly known  to  occur  as  fossils,  and  the  Asterinidce  are  but 
poorly  represented ;  the  great  mty'ority  of  fossil  Star-fishes 
being  thus  referable  to  the  famiHea  of  the  Asteriadm,  the 
Astropectinidee,  and  the  OreaetridcB,  It  should  he  home  in 
mind,  however,  that  the  singular  family  of  the  Brisingidw, 
forming  an  intermediate  group  between  the  AsieToidea  and 
the  Opkiuroidea,  may  possibly  prove  to  be  of  very  ancient 
origin,  and  to  be  represented  by  such  Silurian  and  Devonian 
types  as  Protaster,  Eugaster,  Tcemasier,  Sec.,  which  we  may 
provisionally  consider  among  the  Ophiuroidi.  Lastly,  as  Star- 
fishes are  always  of  rare  occurrence  as  fossils,  and  as  they 
are  therefore  of  little  importance  to  the  general  student,  we 
shall  content  ourselves  here  with  simply  glancing  at  the 
more  important  types  which  have  made  their  appearance  in 
the  successive  geological  periods,  briefiy  noting  some  of  the 
special  characters  of  the  more  interesting  ancient  forms. 

In  the  Silurian  period  the  genua  Palceaster  (figs.  142  and 
143,  B)  is  the  most  important  In  this  genus  we  have  Star- 
fishes in  which  the  body  is  five-armed,  the  disc  being  very 
small ;  the  ambulacral  grooves  are  placed  on  the  lower  sur- 
face of  the  arms,  and  are  furnished  with  two  rows  of  ambu- 
lacral ossicles  and  pores,  bordered  on  each  side  by  a  row  of 
"  adambulacral  plates,"  which  are,  in  turn,  bordered  by  a 
series  of  "  marginal  plates."  On  the  dorsal  surface  are  three 
or  more  rows  of  plates,  which  are  stated  to  fit  closely  to- 
gether, instead  of  forming  pores  by  their  junction.  The 
genus  PedceaMer  comprises  some  species  of  considerable  size, 
and  raises  from  the  Lower  Silurian  to  the  Devonian.  The 
Silurian  genus  Uraaterella  ( =  Stenaster)  is  in  many  respects 
like  PaUauter,  but  the  ambulacral  grooves  are  margined  by 
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a  row  of  adambulacral  plates  only,  without  a  second  row  of 
mai^nal  plates.  Petrasler,  also  Silurian,  has  an  incomplete 
seriea  of  disc-plates  between  the  adambulacral  and  marginaJ 
rows  of  plates,  but  is  otherwise  almost  identical  wiUi  Paiw- 


Flg.  Hi.~FotaaiUr  atekarU,  DavanUn  (•lUa  BtH).  a,  Coder  dds  of  ■  ipeclmen,  four  <•{ 
the  imu  being  cut  abort ;  b,  ITpper  aide  of  tbs  asoie.  a,  AiobulBcnl  oulclei,  Ijlng  In  tlie 
unbolBcnl  gnwiei ;  b,  Adambulacnl  plata* ;  ai,  HugUul  platea ;  o,  One  of  tbe  onl  plutea ; 


aster ;  whilst  the  Silurian  and  Upper  Cambrian  Pcdasterina 
(fig.  143,  a)  has  the  disc  still  more  extensively  developed, 
and  is  further  distinguished  by  the  fact  that  the  plates  of  the 
adambulacral  series,  which  are  placed  at  the  angles  of  the 


oral  aperture,  are  large  and  triangular.  The  genera  above 
mentioned  can  hardly  be  grouped  with  any  existing  family 
of  the  Asteroidea,  as  they  possess  several  striking  peculiar- 
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itiea  of  their  own,  more  especially  the  presence  of  a  row  of 
"  adambulacral  plates,"  exceeding  in  size  the  ordinary  plates 
of  the  skeleton.  They  might  thus  with  propriety  form  a 
distinct  family,  which  might  be  termed  Paladeriadce,  and 
which  would  to  some  extent  fill  up  the  interval  between  the 
families  of  Uie  AsteriadcB  and  Astroptctinidee.  Urasierella 
may  also  be  best  referred  to  the  same  group,  especially  as 
the  plates  apon  the  ventral  surface  are  closely  fitted  tt^ether, 
though  it  wants  "  mai^inal  plates,"  and  in  the  characters  of 
the  upper  surface  presents  points  of  resemblance  to  the 
UroMers. 

We  are  not,  however,  without  ancient  representatives  of 
existing  famihes  of  Stai-fiahes.  Thus,  the  Upper  Silurian 
Lepidaster  and  Triehotaster,  and  the  Devonian  Hdianthaster 
represent  the  living  Sun-stars  {Solaeter),  with  their  wide  disc 


ng.  144.~Ciid«r  n 

and  numerous  arms ;  Devonian  and  Carboniferous  species  of 
the  Uving  genua  Astropeden  (ot  Asterias)  have  been  detected, 
and  the  Upper  Silurian  Pcdototoma  of  Salter  (fig.  143,  c) 
may  possibly  be  an  old  form  of  the  living  "  Bird's-foot  Star- 
fishes" {Palmipes). 

Leaving  the  Falseozoic  period,  the  Secondary  deposits  are 
known  to  contain  a  large  number  of  Star-fishes,  which  need 
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not  detain  ua  here,  as  they  are  almost  wholly  referable  to 
living  genera,  though  the  species  are  distinct  In  the  Trias 
(Mnscheltalk),  we  have  the  genna  PUnraster,  doubtfully 
separable  from  Astropecten.  In  the  Jurassic  period  we  have 
the  earliest  representatives  of  the  livii^  genera  Uraster, 
Solaater,  Luidia,  Asirogonium,  and  Goniasier,  The  existing 
genus  Astropecten  (fig.  144),  easily  recognised  by  the  great 
spine-bearing  mai^nal  plates,  is  largely  represented ;  while 
the  extinct  Tropidaster  forms  a  link  between  this  and  Uras- 
ter ;  and  Plwmaster,  also  extinct,  is  a  near  aUy  of  the  recent 
Luidia. 

In  the  Cretaceous  rocks  almost  aU  the  known  forms 
belong  to  existii^  genera  (such  as  Gmaaster,  SteUaster, 
Asirogonium,  Paimipea,  and  Ormster) ;  while  in  the  Tertiary 
deposits  we  meet  only  with  the  generic  types  of  the  present 
day. 

AgELACRISIDjE. 

We  may  provisionally  consider  here  a  most  extraordinary 
group  of  Palieozoic  Echinoderma,  the  precise  affinities  of 
which  are  at  present  wholly  uncertain,  though  they  appear 
to  be  in  some  respects  intermediate  between  the  Asteroidea 
and  the  Cystoidea.  The  singular  forms  in  question  have 
been  grouped  together  by  Mr  BiUiugs  under  the  name  of 
Edrioaateridm,  but  are  better  entitled  Agdacrinidce ;  and  they 
fall  under  the  two  related  generic  types  Agdacrinus  and 
Edrioaster. 

In  the  genus  Ageiacrinua  or  Agelaerin^es  (including  Semi- 
eyttiiee  of  Hall)  the  body  (fig.  145,  a)  is  in  the  form  of  a 
depressed  or  convex  disc,  attached  by  ite  base  to  some 
foreign  body.  The  upper  surface  of  the  disc  (which  is 
really  the  ventral  surface)  is  covered  with  numerous  small 
calcareous  plates,  which  may  or  may  not  overlap  in  an 
imbricatii^  manner,  and  exhibits  five  cnrved  "  arms,"  which 
radiate  from  the  centre.  The  rows  of  plates  forming 
the  arms  are  so  disposed,  in  some  instances  at  any  rate, 
as  to  leave  between  them  distinct  "  pores,"  penetrating 
the  thickness  of  the  test;  so  that  the  arms  clearly  corre- 
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spond  with  the  "ambulacral   grooves"  of   the   Star-fishes. 
The  opening  of   the   mouth  appeare  to   be   placed  in   the 
centre  of  the  five  annB ;  and  in  one  of  the  spaces  between 
the  arms  is  situated  a  little  pyramid  of  from  five  to  nine 
calcareous  plates,  which  fonns  the  valvular  "  ovarian  aper- 
ture"   (fig.    145,  A,   o).     The   genus   is   wholly    Silurian, 
Devonian,  and  Carbonifer- 
ous, and  it  has  been  gener- 
ally placed  under  the  order 
Cystoidea.    It  differs,  how- 
ever, &om  these  in  its  total 
absence  of  a  stalk  of  at- 
tachment, and  in  the  pos- 
session of  ambulad^  pores, 
perforating  the  test.     On 
the  other  hand,  it  recalls 
the  Asteroidea  in  the  struc- 
ture   of   the    ambulacral 
grooves ;  while  the  some- 
times   articulated,    some- 
times    imbricated     inter- 
radial     ( interambulacral ) 
plates  recall  to  mind  the 
Perischoeckinidce ;     though 
we  know  of  no  parasitic 
or  sessile  examples  of  the 
Star-fishes  or  Sea-urchins. 
In  the  aUied  genus  Ed- 
rioaster   (fig.    145,  b)  the 

body   is   sessile,    circular,      -.  w,      „        ^.     , .  ,         ^ 
discoid,  and   convex,   and    cf'>™ii™*i,  miarged  x< 


,       .^,     ,  ,  ,        Lower  Siloriui  (ifter  BM).     b.  Upper  ■nrOice 

covered  Wltb  Ur^Uiar  poL-      or  u  ImperfNt  Bp«iiiien  of  fidriooAr  Strtbyl, 

ygonal  plates.  The  mouth  ^^' "^CiTpr^"  ^"^ '"^  °"" 
is  large  and  somewhat  pen- 

t^onaL  Sadiating  from  the  mouth  are  five  ambulacral 
grooves,  each  formed  of  a  double  series  of  plates  ("am- 
bulacral ossicles "),  with  two  pores  between  each  pair  of 
plates.  There  are  thus  four  rows  of  ambulacral  tube-feet, 
as  shown  by  the  pores,  which  penetrate  the  entire  thickness 
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of  the  test.  An  ovarian  aperture  appears  to  be  present  in 
one  of  the  interradial  spaces.  This  genus  is  only  known  as 
occuirii^  in  the  Lower  Siluri&D,  and  it  is  clearly  very  closely 
allied  to  Agelacrinus,  though  it  has  not  yet  been  demonstrated 
to  have  been  attached  to  foreign  bodies;  and  its  other  charac- 
ters perhaps  entitle  it  to  generic  distinction.  Whether  or 
not  we  may  place  in  the  vicinity  of  Agdacriniu  the  extra- 
ordinary Silurian  genua  Cyclocystoides,  cannot  at  present  be 
stated  with  any  certainty,  Salter  wonld  also  refer  here  the 
genera  Echinocystiiea  and  PalcBodiscus. 

Obdee  III. — OPHinSOIDEA. 

The  Ophiiiroidea  are  often  grouped  with  the  Asteroidea, 
and  the  living  members  of  tlie  order  are  known  commonly 
33  Brittle-stars  and  Sond-starg.  They  are  distinguished  from 
the  true  Star-fiahea  by  the  fact  that  (he  "  dix "  contains  ail 
the  iniemal  organs  of  the  animeU  ;  the  "  arms  "  are  riot  grooved 
inferiorly  for  the  emission  of  ambtdacrai  tube-feet;  and  the 
mouth  is  provided  wiih  a  masticatory  apparatus.  The  Ophiu- 
raids  are  very  conspicuously  star-shaped,  and  consist  of  a 
central  "  disc  "  and  a  series  of  radiatii^  "  arms  "  (fig.  146). 
The  "  disc  "  is  truly  disc-'shaped,  and  is  covered  with  granules, 
spines,  or  ecalea.  From  the  disc  proceed  the  arms,  in  the 
form  of  long  and  slender  processes,  which  may  be  simple  or 
branched,  but  which  differ  from  the  arms  of  Star-fishes  in 
not  containing  any  prolongations  from  the  stomach,  and  in 
never  having  their  under  surfaces  furrowed  by  amhulacral 
grooves.  The  arms,  in  fact,  are  special  processes  superadded 
for  the  purposes  of  prehension  and  locomotion,  and  rendered 
necessary  by  the  fact  that  the  amhulacral  system  takes  no 
part  in  the  function  of  locomotion,  as  it  does  in  the  Star- 
fishes. A  madreporiform  tubercle,  however,  is  present,  and 
is  placed  on  the  inferior  surface  of  the  body,  being  com- 
monly concealed  by  one  of  the  plates  surrounding  the 
mouth.  The  mouth,  as  in  the  Star-fishes,  is  placed  in  the 
centre  of  the  lower  surface  of  the  disc ;  but  the  stomach 
terminates  blindly ;  and  there  is,  therefore,  no  anal  aperture. 

Each  arm  is  furnished  with  an  internal  and  an  external 
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skeleton.  The  mtemal  skeleton  conaiste,  as  in  the  Star- 
fishes, of  a  (ihain  of  "  ambulacral  ossielea,"  placed  along  the 
centre  of  the  arm.  The  ossicles  are,  however,  now  amalga- 
mated in  pairs,  each  coalescing  with  its  fellow  on  the  oppo- 
site side ;  so  that  in  place  of  a  double  row  of  movably 
articulated  ossicles,  we  have  a  single  row  of  bilaterally 
symmetrical  pieces. 


The  external  skeleton  of  the  arms  is  composed  of  four 
rows  of  plates,  one  on  the  dorsal  surface,  one  on  the  ventral, 
and  one  on  each  lateral  surface.  The  lateral  plates  generally 
carry  more  or  less  developed  spines.  In  the  extinct  genera 
EugaMer  and  Protastcr  {fig.  148)  the  plates  of  the  ventral 
row  are  double;  and  in  Ptil<master  (fig.  148)  there  are  four 
ventral  rows  of  plates.  The  disc,  as  before  said,  has  a 
well  -  developed   external  skeleton   of  scales,   granules,   and 
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spines ;  but  Uieie  are  never  any  of  those  modified  spines 
■whicii  are  known  as  "  pediceUarise,''  and  -whicli  occur  in 
the  Asteroids  and  EcMnoids. 

As  regards  their  distribution  in  time,  the  Opkiuroids  make 
their  first  appearance  in  the  Lower  Silurian,  and  they  are 
represented  by  various  ancient  types  in  the  Upper  Silurian 
and  Carboniferous.  The  living  genus  Opkiura  is  said  to 
occur  in  the  Carboniferous,  but  with  this  exception  the  old 
forms  are  all  more  or  less  aberrant  Id  the  Secondary 
rocks,  however,  we  meet  with  a  lai^e  number  of  Ophivroids 
which  are  referable,  in  large  part,  to  familiar  and  widely 
distributed  existing  genera. 

As  the  OphiuToids  are,  comparatively  speaking,  very  rare 
as  fossils,  it  is  not  necessary  that  we  should  devote  much 
time  to  their  consideration  here.  It  is  advisable,  however, 
to  consider  with  some  little  detail  the  curious  Faleeozoic 
genera  Prota^er,  Eugagter,  and  PtUonatter,  since  these  ex- 
hibit many  singular  and  special  characters,  which  are  not 
to  be  found  in  the  typical  and  more  modem  members  of  the 
order.  These  genera,  in  fact,  are  in  many  respects  inter- 
mediate between  the  Asteroidea  and  Ophiurtndea ;  and  they 
might  without  impropriety  be  placed  in  the  Asteroid  family 
of  the  BrisingidtE,  were  it  not  for  the  fact  (amongst  others) 
that  the  under  surface  of  the  arms  is  not  furrowed  by 
"ambulacral  grooves." 

As  the  type  of  the  Palffiozoic  Opbiuroids  in  question,  we 
may  take  the  genus  Frotaster  of  Edward  Forbes.  In  this 
genus  the  body  (figs.  147,  148)  consists  of  a  circular  disc, 
covered  with  small  imbricated  calcareous  plates,  which  gives 
origin  to  five  long  and  flexuous  arms.  The  chief  peculiarity 
of  the  genus  is  to  be  found  in  the  structure  of  the  arms, 
which  show  the  peculiarity  that  they  possess  two  rows  of 
ventral  plates,  instead  of  one,  and  that  these  plates  are 
opposite  to  one  another  (Salter),  or  very  slightly  alternating 
(Hall).  These  plates,  moreover,  are  bo  disposed  as  to  give 
origin  to  a  series  of  distinct  pores  (fig.  148,  e).  If,  as  would 
appear  to  be  the  case,  Tcenia^er  of  Billings  be  really  iden- 
tical with  Protaster,  then  the  genus  dates  from  the  Lower 
Silurian  and  ranges  into  the  Devonian.     In  the  Devonian 
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genus  Evgaster  (fig.  148,  a  and  b)  the  structure  is  essentially 
the  same  as  in  Protaster,  but  the  disc  is  prolonged  along  the 
bases  of  the  aims,  and  the  plates  of  the  disc  are  articulated 
by  their  edges,  and  do  not  overlap.     In  the  Devonian  JHUo- 
naMer  (fig.  148,  k),  again,  we  have  a  form  fundamentally 
similar  to  the  preceding,  bnt  having  four  rows  of  perforated 
plates  on  the  lower  surface  of  the  amis.     The  chief  question 
as  to  the  af&nities  of  the  types  just  alluded  to  turns  upon 
the  true  nature  of  the  perforated  plates,  in  double  or  quad- 
ruple series,  placed  along  the  lower  surface  of  the  arms. 
Tliese  have  generally  been  regarded  as  identical  with  the 
"  ventral  plates  "  of  the 
arms    of    the    ordinary 
Ophiuroids  —  structures 
which  belong  wholly  to 
the  integumentary  skel- 
eton, and  which  are  not 
represented    in  the  As- 
teroids.       It    does    not 
seem    certain,   however, 
that  this  is  the  true  na- 
ture  of   the   perforated 
plates  of  the  under  sur- 
face of  the  arms  of  the 
genera  above  alluded  to; 
and   it    is    not    impos- 
sible that  they  are  really 
the    irdemal    "amhula- 
cral    ossicles "    of    the 
arms,   exposed  to  view 

by  the  destruction  of  ng.  i47.-ProM«(n-soVi™m.  upper  siiorfm. 
the  auperficial  "ventral  JiS^XXST"'"*"^  "■'•"'"" 
plates"  during  fossilisa- 

tion.  Should  this  turn  out  to  be  the  case,  the  atructure  of 
Protaater  and  its  allies  is  not  so  abnormal  If,  on  the  other 
hand,  these  perforated  plates  are  really  the  "  ventral  plates," 
then  these  genera  exhibit  the  peculiarity  that  the  under  sur- 
faces of  the  arms  are  pierced  by  "  ambulacral  pores." 

The  only  other  Palfeozoie  type  which  needs  notice  here  is 
VOL.  I.  R        .  ■  •  ' 
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',,  described  by  Dr  Henry  Woodward  from  the  Upper 
Silurian,  which  apparently  belongs  to  the  section  of  the 
Ophiuroids  represented  at  the  present  day  by  Evrycde,  in 
which  the  arms,  instead  of  being  simple,  are  bifurcated. 


Portion  of  UiB  « 


B,  Bttt  of  Br 
Farbai,  of  thi 
w,  enlMged.    s 


lie  of  Eu^aattr  Lof/anlr  of  the  oat 
ewed  ttom  below,  enlai^.    c,  UutUne  of  FniB 
nutunil  >lie— Upper  BflnrtBn.     n.  Bu«  of  tna  ot  Hme.  viewed  from 
"    "         "  "  of  ytUojtattfT  prineepe,  viewed  from  belov,  qoIjl 

i,  Adimbulacnl  plates ;  p,  Pon.    (AfUt  HaJL) 


As  regards  the  Secondary  and  Tertiary  Ophiuroids  very 
little  need  be  said,  partly  because  they  approximate  closely 
to,  or  are  identical  with,  recent  generic  types,  or  because  they 
are  so  imperfectly  preserved,  as  a  rule,  that  their  detenuina- 


Fig.  IW.— ^ipWsratortoila.    Mow 


tion  is  exceptionally  difficult.      In  the  Trias  appear   the 
genera  Acroura   and  A^ndura  (fig.   149),  the   latter  being 
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supposed  to  be  conGued  to  this  period  and  to  be  character- 
istic of  the  Muschelkalk.  In  the  Jurassic  and  Cretaceous 
periods,  as  in  the  Tertiary,  remains  of  Ophiuroids  are  by  qo 
means  very  uncommon,  and  they  are  generally  referred 
partly  to  extinct  types  (such  as  Acroura).  Most  of  them, 
however,  are  apparently  referable  to  well-known  existii^ 
genera,  such  aa  OpModerma  (fig.  146),  Ophwcoma  {-Opki- 
urella),  Ophioglypha  ( =  Opkiura,  Forbes),  Ophidepis,  and 
AmpMura. 
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Order  IV. — Crinoidea. 

The  Crinoids  or  Sea-lilies  are  Eckinodermata,  in  ■which  ihe 
^>ody  w  f^ced,  during  the  whole  or  a  portion  of  the  exigence  of 
t/ie  animal,  to  the  sea-bottom  fey  means  of  a  longer  or  shorter, 
jointed,  and  Jlexible  ^alk.  The  body  is  dirtfnct,  composed  of 
articulated  calcareouB  plates,  bursiform,  or  cup-shaped,  and 
provided  with  branched  arms,  which  are  typically  horn  five 
to  ten  in  number,  are  independent  of  the  visceral  cavity, 
and  are  grooved  on  their  upper  surfaces.  (The  position 
of  the  body  being  reversed,  the  upper  surfiace  is  ventral; 
whilst  the  dorsal  surface  is  inferior,  and  gives  origin  to 
the  pedicle.)  The  tubular  processes,  however,  which  are 
given  off  &om  the  radiating  ambulacral  canals  of  the  CHn-  ■ 
oidea,  unlike  those  of  the  Eekinoidea  and  Asteroidea,  are  not 
used  in  locomotion,  but  have  probably  a  respiratory  function. 
The  mouth  is  central,  and  looks  upwards,  an  anal  aperture 
being  sometimes  present,  sometimes  absent.  The  ovaries  are 
situated  beneath  the  akin  in  the  grooves  on  the  ventral  ear- 
faces  of  the  arms  or  pinnules,  as  are  also  the  ambulacral  or 
respiratory  tubes.  The  arms  are  furnished  with  namerous 
lateral  branches  or  "  pinnulse."  The  embiyo  is  "  free  and 
ciliated,  and  develops  within  itself  a  second  larval  form, 
which  becomes  fixed  by  a  peduncle  "  (Huxley). 

If  we  take  such  a  living  Crinoid  as  Hhixocrinus  (fig.  150), 
we  shall  be  able  to  arrive  at  a  comprebeusion  of  the  leading 
characters  of  this  order,   ^izocrinus  is  one  of  those  Crinoida 
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which  is  permanently  rooted  to  some  fore^n  object  by  the 
base  of  a  stalk  vhich  is  composed  of  a  number  of  calcareous 
pieces  or  articulations.  In  some  cases  (as  in  Apiocrinus)  the 
base  of  the  stem  or  "  column  " 
is  considerably  expanded.  In 
other  cases  the  column  is 
simply  "rooted  by  a  whorl 
of  terminal  cirri  in  soft 
mud "  (Wyville  Thomson), 
The  joints  of  the  column 
are  movably  articulated  to 
^  one  another,  the  joint-sur- 
faces often  having  a  very 
elaborate  structure,  so  that 
the  entire  stem  possesses  in 
the  living  state  a  greater 
or  lesser  amount  of  flexi- 
bility. Each  joint  is  per- 
forated centrally  by  a  canal, 
which  has  been  very  inap- 
propriately termed  the  "  ali- 
mentary canal,"  but  which 
in  truth  has  nothing  to  do 
with  the  digestive  system  of 
the  animal.  At  the  summit 
of  the  stem  is  placed  the 
body,  which  is  termed  the 
"  calyx,"  and  which  is  usually 
more  or  less  cup  -  shaped, 
pyriform,  bursiform,  or  dis- 

coidaL      The  calyx   exhibits       Fig.-iso.-crinoid«.    mto=ri««  r->^- 
two  surfaces,  a  dorsal  and  a    '^. «  "'^  '^^°^^  J**^'  "*"'"'  ^'""- 

son),  ronr  timei  ths  nitunl  ■!».    o,  Stctu  ; 

ventral,  of  which  the  dorsal    t,  c»iyi ;  e.  e,  Am«. 

is    composed,  wholly   or  in 

part,  of  calcareous  jdates  articulated  by  their  margins,  whilst 

the  former  is,  in  the  living  forms,  composed  of  a  more  or 

less  leathery  integument,  strengthened  by  the  deposition  in 

it  of  numerous  small  plates  of  carbonate  of  lime ;  whereas 

in  many  extinct  forms  it  too  is  composed  of  articulated  cal- 
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careous  plates.  The  ventral  surface  exhibits  the  aperture  of 
the  mouth,  which  may  be  eubcentral  or  may  be  very  excen- 
trie,  and  which  in  many  extinct  forma  is  wholly  concealed 
from  view.  The  ventral  surface  also  exhibits  the  aperture 
of  the  anus,  which  is  usually  placed  ezcentrically  in  one  of 
the  spaces  between  the  arms,  and  which  ia  often  carried  at 
the  end  of  a  longer  or  shorter  tubular  eminence  or  process, 
which  is  called  the  "proboscis."  Sometimes,  on  the  other 
hand,  the  anus  is  central,  and  the  mouth  is  excentric.  Owing 
to  the  animal  being  supported  on  a  stalk,  it  ia  evident  that 
the  "  ventral "  surface  is  turned  upwards,  and  the  "  dorsal " 
surface  downwards.  The  column  springs  from  the  centre  of 
the  dorsal  surface ;  and  a  stalked  Crinoid  may  therefore  be 
compared  to  a  Star-fish  turned  upside  down,  with  its  lower 
or  ambulacral  surface  superior,  and  its  dorsal  surface  looking 
downwards.  The  calyx  contains  the  digestive  canal,  and 
the  central  portions  of  the  nervous  and  water-vascular  (am- 
bulacral) systems ;  but  it  does  not  contain  the  reproductive 
organs,  as  is  the  case  with  the  viaceral  cavity  of  the  other 
Echinoderms, 

From  the  margins  of  the  calyx,  where 
the   doraal   and  ventral  surfaces  join   one 
another,  arises  a  series  of  longer  or  shorter 
flexible   processes,  which  are  composed  of 
a  great  number  of  small  calcareous  articu- 
lations, and  which  are  termed  the  "  arms  " 
(fig.  151).     The  arms  are  usually  primarily 
five  in  number,  but  they  generally  divide 
almost  immediately  into  two  branches,  each 
of  which  may  again  subdivide;  the  branches 
thus  produced  perhaps  again  dividing,  until 
a   crown   of   delicate  graceful  filaments  is 
formed.       The  arms   carry   smaller  lateral 
branches  or  "  pinnulse  "  on  both  sides ;  and 
,/t,^"rm^nZ'.   ^^y  are  not  hollow  like  the  arras  of  the 
(howins  uie  uteni  piB-  Star-fishes,  nor  do  they  contain   any  pro- 
longations   of   the    stomach.       The    upper 
surface  of  the  arms  and  pinnulie  is  covered  with  a  soft  mem- 
brane, and  below  this  are  placed  the   reproductive  organs. 
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The  generative  organs  are  therefore  not  placed  within  the 
calyx,  and  it  follows  of  necessity  that  there  ia  no  generative 
opening  or  "  ovarian  aperture "  in  the  walls  of  the  calyx. 
The  ventral  surfaces  of  the  arms  and  pinnuhe  are  furnished 
with  grooves,  which  in  the  living  species  are  seen  to  be 
covered  with  vibratile  cilia.  The  brachial  grooves  coalesce 
till  they  constitute  five  (sometimes  fewer)  primary  grooves, 
which  are  continued  from  the  base^  of  the  arms  to  the  mouth. 
The  action  of  the  cilia  gives  rise  to  a  constant  current  of  sea- 
water,  bearing  organic  matter  in  suspension;  and  this  current 
proceeds  tiom  the  brachial  grooves  to  the  mouth.  In  this 
way  the  animal  obtains  its  food.  As  the  bases  of  the  arms 
are  separated  from  the  mouth  by  an  intervening  space,  it 
follows  that  the  brachial  grooves  are  continued  over  the 
ventral  surface  of  the  calyx,  till  they  reach  the  oral  opening. 


F1^.  \iZ—plalyrriits'  trltoUadarlylsi.  CirtwnircTaiu.  The  IcTUbind  tgan  Bbma  tbe 
ralyi,  anus,  uil  upper  part  uf  the  elian,  ud  the  flgure  next  this  ahowa  Uie  auifacs  ot  one  of 
the  Jolata  ortbccolunui.    The  right-huid  flgun  BbovsUic  prolMBcia. 

There  is  no  doubt  that  it  is  by  the  above  arrangement  that 
the  living  Crinoids  obtain  their  food,  and  the  mechanism 
seems  to  liave  been  essentially  the  same  in  many  extinct 
species.     In  the  Faleeozoic  Crinoids,  however,  there  seems  to 
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have  been  a  modification  of  this  atraDgement.  lu  these 
forma,  as  in  Actinocrinus  (fig.  153),  the  arms  have  much  the 
atructura  of  those  of  the  recent  Crinoids,  and  are  deeply 
grooved  on  their  ventral  surfaces.  The  ventral  surface  of 
the  calyx,  however,  exhibits  no  central  aperture,  but  only  a 
proboacidiform  tube,  which  arises  from  one  of  the  inter-radial 
spaces  {i.e.,  one  of  the  intervals  between  two  of  the  arms). 
This  tube  is  often  of  great  length,  and  a  good  deal  of  con- 
troversy has  taken  place  as  to  its  nature.  Without  entering 
into  tlie  conflicting  views  upon  this  subject,  it  may  be  stated 
that  the  preponderance  of  authority  is  overwhelmingly  iu 
favour  of  the  view  that  this  "  proboscis "  ia  an  anal  tube, 


Fig.  I&S.  —  Cilyi  of  •< 


having  the  vent  at  its  extremity,  all  analogies  based  upon 
recent  forma  bearing  out  this  view.  In  the  ancient  types 
in  question,  at  any  rate,  the  grooves  on  the  ventral  surfaces 
of  the  arms  are  certainly  not  continued  over  the  ventraf 
surface  of  the  calyx,  hut,  on  the  contrary,  stop  short  at  the 
bases  of  the  arms.  Their  further  course  was  long  a  mystery  ; 
but  it  is  now  known  that  they  are  continued  below  the  ven- 
tral surface  of  the  calyx  as  a  series  of  covered  passages  or 
tunnels,  the  external  apertures  of  which  are  placed  at  the 
points  where  the  arms  spring  from  the  disc  (see  figs.  153- 
155).  These  covered  channels  are  simply  roofed  over  by 
the  calcareous  integument  of  the  calyx ;  and  they  converge 
to  a  central  point  in  the  middle  of  the  ventral  surface  of  the 
disc  Here  is  placed  the  mouth,  concealed  by  tlie  calcareous 
plates  of  the  perisome.     In  this  point  of  their  structure. 
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therefore,  there  is  an  extremely  important  distmcUon  be- 
tween the  older  types  of  Crinoids  and  the  later  ones,  tbongh 
the  proceaa  by  which  the  microscopic  organismB  which  serve 
aa  food  are  collected  from  the  surrounding  water  and  con- 
veyed to  the  mouth,  seems  to  have  been  in  both  cases  essen- 
tially the  same.  Moreover,  even  in  the  living  Antedon,  as 
shown  by  Dr  Carpenter,  the  true  mouth  is  situated  at  s 
little  distance  below  the  apparent  mouth,  as  formed  by  the 
point  of  convergence  of  the  brachial  furrows ;  so  that  if  we 
imagine  these  furrows  to  be  roofed  over  by  calcareous  plates, 
where  they  cross  the  ventral  surface  of  the  disc,  we  should 
have  a  condition  of  parts  closely  resembling  what  we  find  in 
the  Palseocrinoida. 

The  stalked  or  "  pedunculate  "  Ctinoids  of  the  present  day 
are  few  in  number,  and  are  mostly  inhabitants  of  the  deep 
sea.  We  find,  however,  various  and  widely  distributed  rep- 
resentatives of  another  group  of  Crinoids  —  namely,  the 
"  sessile "  Crinoids,  all  of  which  are  generally  known  as 
"  Feather-stars."  In  all  these,  such  as  the  living  Comatvia, 
Aviedon,  Actinometra,  Sac,  and  the  extinct  Scuxosoma  (fig. 
156)  and  Solanocrmvs,  the  animal  is  only  staUced  when 
young,  and  in  its  adult  condition  leads  a  free  life.  The 
young  form  in  the  members  of  this  group  is  supported  upon 
a  jointed  calcareous  column,  by  which  it  is  fixed  to  some 
foreign  object ;  and  at  this  stt^e  it  in  no  respect  differs  from 
the  ordinary  stalked  Crinoids.  At  a  certain  period  of  its 
existence,  however,  the  calyx  drops  off  its  column,  and 
becomes  a  locomotive  animal.  It  now  has  a  near  resem- 
blance to  one  of  the  Brittle-stars  (OpkiuToidea) ;  but  is  dis- 
tinguished, not  only  by  its  developmental  history,  but  also 
by  its  internal  and  skeletal  structure,  by  the  possession  of 
lateral  pinnte  to  the  arms,  and  in  having  the  reproductive 
organs  situated  external  to  the  body  proper.  In  the  Feather- 
stars,  moreover,  the  dorsal  surface  of  the  disc,  at  the  point 
where  the  column  was  originally  inserted,  carries  a  series  of 
jointed  filaments  or  "  cirri,"  by  which  the  animal  can  moor 
itself  to  any  foreign  object.  These  may  be  regarded  as 
homologous  with  the  "  side-arms  "  of  the  column  of  certain 
Crinoids.      When  the  animal  is  thus  temporarily  moored 
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by  its  doraal  cirri,  it  is  placed  in  the  ordioary  position 
held  by  the  Crinoids — namely,  with  the  mouth  and  ven- 
tral surface  of  the  disc  looking  upwards.  When  creeping 
about,  on  the  other  hand,  by  means  of  the  long  and  flex- 


ible arms,  the  animal  occupies  the  position  held  by  the 
Star-fishes  and  Ophiuroids — namely,  with  the  mouth  and 
ventral  surface  of  the  disc  directed  dowuwards,  or  towards 
the  ground. 

Having  now  given  a  general  account  of  the  structure  of 
-the  Crinoids,  it  remains  to  consider  some  of  their  parts  in 
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greater  detail.  In  the  fiist  place,  as  regards  the  "column," 
-we  find  that  the  stem  of  attachment  is  composed  of  a  great 
number  of  separate  plates  or  "  articulations "  placed  one 
above  the  other,  and  so  jointed  to  one  another  that  whilst 


the  amount  of  movement  between  any  two  pieces  must  be 
very  limited,  the  entire  column  acqiiires  more  or  less  flexi- 
bility.    In  the  Falseozoic  Oinoids,  with  few  exceptions,  the 
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colmnn  was  round ;  but  in  Flaiycrinus  it  ia  ovfll  or  elliptical 
(fig.  152).  In  the  genera  Pentacrinm  (fig.  157)  and  Sxtra- 
eriwm  the  column  is  pentagonal  in  outline  ;  but  much  less 
markedly  so  in  the  former  than  in  the  latter  geniis.  The 
joints  articulate  with  one  another  hj  surfacen  or  facets  which 
are  differently  marked  in  different  cases.  In  the  Palffiozoic 
forms,  as  in  Platycrinus  (fig.  152),  the  articulating  facets  are 
marked  by  more  or  less  numerous  strite  which  radiate  from 
near  the  centre  of  the  joint.  In  most  of  the  Mesozoic  genera, 
on  the  other  hand,  as  in  P&ntaerinus  (fig.  157),  the  articu- 
lating facets  are  united  by  crenated  ridges  arranged  in  a 
pentapetaloua  figure.  In  many  cases,  as  in  JExiracrinus  and 
Fentacrinu^,  the  column  is  furnished  with  more  or  less 
numerous  "  auxihary  "  arms,  or  "  side-arms,"  the  function  of 
which  is  not  altogether  clear.  The  column  increases  in  height 
by  the  interpolation  of  new  joints  between  the  base  of  the 
calyx  and  the  highest  articulation  of  the  stem  ;  and  each  ar- 
ticulation is  pierced  by  a  variously  shaped  perforation.  Hence, 
by  the  apposition  of  the  successive  joints  there  is  formed  a 
tube — the  so-called  "  alimentary  canal  "  of  the  older  writers 
— which  runs  the  entire  length  of  the  column.  This  canal  is 
most  commonly  round,  but  it  may  be  pentapetalous,  or  it 
may  consist  of  four  or  five  canals  running  parallel  with  and 
around  a  central  tube,  into  which  they  may  or  may  not 
open.  This  canal  sends  oS  diverticula  into  the  side-arms 
and  the  root-like  processes  of  attachment,  when  these  struc- 
tures are  present ;  and  it  contains,  in  living  forms,  a  vascular 
axis  (partly  nervous  in  nature?)  which  is  connected  superiorly 
with  a  peculiar  chambered  organ  situated  in  the  base  of  the 
calyx,  and  which  doubtless  serves  to  maintain  the  vitality  of 
the  column  and  its  appendages. 

The  dorsal  surface  of  the  cup  or  "  calyx  "  is  composed  of 
a  number  of  calcareous  plates  accurately  fitted  together.  The 
number  and  arrangement  of  these  vary  much  in  difTerent 
genera,  and  it  will  be  sufficient  to  indicate  here  their  gen- 
eral disposition.^     Eeposing  directly  upon  the  summit  of  the 

'  Different  antharities  bave  emploj-ed  the  vRrious  tenns  couuACted  nith  the 
platei  in  the  coljz  of  the  Orinoid^a  in  such  different  sanseB  that  the  salgect 
of  the  anstom;  of  the  Crinoidal  ekeletou  hu  been  i«nilered  very  difficult  to 
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column  is  a  aeries  of  plates  which  are  termed  "  basal "  from 
their  position,  and  which  constitute  the  "  pelvis  "  of  Miller. 
The  "  basals  "  may  be  five,  four,  three,  or  rarely  two  in  num- 
ber, and  they  form  the  lowest  portion  of  the  cup.  In  general 
the  basals  are  free,  and  are  simply  articulated  by  their  edges, 
but  in  some  eases  it  ia  believed  that  they  are  more  or 
less  undistinguishably  fused  with  one  another  into  a  single 
niasa.     In   many  cases  the  "  basals "   are    succeeded   by  a 


Rg,  16B.— Dlagrnm  to  ihow  the  iitnictilM  of  the  ciilyi  in  Uie  fosBil  Crinoiilt  ft,  BiimU  ;  r, 
Raduaa;  {.Intar-mdiBli:  a,  Anal  platen.  Calyi  oT  forftestwrlnsi.  After  De  Konlack  uiil 
Le  Hon.  (Ai  It  bu  now  been  disconered  Uut  Ibia  genne  rally  poaHsses  tbree  amall  baaala, 
hslow  the  platMhere  repTsaented,  Ibf  plMsa  lettered  baretni^  "  parabaaala-T 

second  row  or  cycle  of  plates,  which  may  be  regarded,  with 
Professor  Beyrich,  as  a  second  series  of  basals,  but  which  are 
'  properly  regarded  as  something  special,  and  are  termed  the 
"parabasals"  or  " sub-radials."     The  basals  (fig.  158,  h)  are 

comprehend.  Tn  tlii»  caase  of  confiwion  must  be  *dded  the  r«ct  that  difTerent 
obserrara  have  employed  the  aame  termB  for  parta  which  do  not  appear  to  be 
truly  homologona.  In  the  present  state  of  nncertainty  npou  the  whole  of  this 
lal^ect,  it  has  seemed  tufficient  to  give  here  merely  a  general  account  of  the 
nomencUtnre  which  has  hitherto  been  moet  generally  employed  in  worka 
descriptive  of  the  fossil  Crinoids,  thoagh  this  nomenclature  is  probably  often 
not  strictly  comet. 
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in  other  cases  succeeded  directly  by  a  series  of  two  or  three 
rows  of  plates,  which  are  directly  superimposed  upon  one 
another,  and  which  form  the  foundations  of  the  arms  (r,  r). 
These  are  termed  the  "  radiala  "  (the  "  coatee  "  of  Miller),  and 
are  termed  "  primary,"  "  secondary,"  and  "  tertiary,"  accord- 
ing to  their  distance  from  the  basala.  The  last  radial  plates, 
or  those  furthest  from  the  column  (sometimes  called  the 
"  axillary  radials "),  give  origin  to  the  arms.  The  radial 
plates  are  arranged  in  a  series  of  vertical  columns,  which  ex- 
tend from  the  summit  of  the  basals  to  the  bases  of  the  arms. 
Between  the  different  columns  of  radial  plates,  however, 
there  may  be  intercalated  certain  other  smaller  plates,  which 
alternate  with  one  another,  and  which  are  termed  "  inter- 
radials"  (t).  Lastly,  one  of  the  inter-radial  spaces,  corre- 
sponding with  the  anus,  is  usually  much  wider  than  the 
others,  and  is  furnished  with  an  additional  series  of  plates, 
which  are  called  the  "  anal  plates  "  (a). 

As  regards  their  general  distribution  in  time,  the  Crinmdea 
present  us  with  an  excellent  example  of  a  group  which  early 
attained  its  maximum  of  development,  and  which  has  now 
dwindled  down  to  some  half-dozen  surviving  genera.  With 
one  or  two  doubtful  exceptions,  the  Crinoids  appear,  so  far 
as  yet  known,  to  have  commenced  their  existence  in  the 
Lower  Silurian  period,  and  they  are  represented  by  numerous 
and  very  varied  forms  in  the  seas  of  the  Upper  Silurian 
period.  In  the  Devonian  rocks,  also,  Crinoids  are  plentiful, 
and  many  generic  types  are  peculiar  to  this  period.  It  is  in 
the  earlier  portion,  however,  of  the  Carboniferous  period  that 
the  Crinoids  attain  their  highest  development.  The  Car- 
boniferous Limestone  is  in  many  places,  over  wide  areas,  and 
for  a  thickness  of  many  yards,  almost  entirely  made  up  of 
tiie  debris  of  Crinoids ;  and  in  many  places  it  is  so  chained 
with  the  remains  of  these  organisms  as  to  deserve  and  acquire 
the  name  of  "  crtuoidal  limestone  "  or  "  entrochal  marble." 
It  is  in  the  Paheozoic  period,  then,  that  the  Crinoids  attain 
their  maximum,  both  numerically  and  as  regards  the  number 
of  genera  and  species.  Taken  as  a  whole,  tlie  Palaeozoic 
Crinoids  are  distinguished  by  the  characters  already  men- 
tioned— namely,  by  having  the  brachial  grooves  conveyed  to 
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tlie  mouth  in  concealed  channels  or  tunnels,  in  having  mostly 
a  rounded  column,  and  in  the  fact  that  the  articular  facets 
of  the  column-joiuts  are  usually  marked  by  numerous  simple 
radiating  stride.  As  a  rule,  also,  the  Palteocrinoids  have  a 
calyx,  in  which  the  dorsal  surface  has  a  preponderating 
development  as  compared  with  the  ventral  surface. 

Coining  to  Mesozoic  times,  Crinoids  are  stiU  abundant, 
though  certainly  reduced  in  numbers  as  compared  with  their 
development  in  the  Palteozoic  period.  Taken  as  a  whole, 
the  Mesozoic  Crinoids  are  characterised  by  having  the  brachial 
grooves  continued  over  the  ventral  surface  of  the  disc,  and 
by  having  the  ventral  portion  of  the  calyx  more  extensively 
developed  than  the  dorsal ;  whilst  the  articular  surfaces  of 
the  column-joints  are  usually  morticed  to  one  another  by 
means  of  creuated  ridges  which  have  a  Sower-Hke  arrange- 
ment. Neither  of  these  latter  characters,  however,  is  con- 
stant. In  the  Mesozoic  rocks,  also,  appear  for  the  first  time 
remains  of  the  fru  Crinoids  allied  to  the  living  Comalulm. 

In  the  Tertiary  period  tbe  Crinoids  are  reduced  to  a  very 
small  number  of  forms,  the  most  important  of  which  is  the 
genus  Peniacrinns,  which  ia  represented  at  the  present  day 
by  the  living  Pmiiacrinvs  caput-Medmof  of  the  AntiUes  and 
various  other  species.  The  best-known  species  is  the  I*,  sub- 
basaltiformia  »f  the  Eocene.  At  the  present  day,  Crinoids 
are  moderately  abundant,  if  we  look  only  to  the  free  forms 
like  Comatula,  which  are  largely  represented,  and  attain 
their  maximum  in  recent  seas.  Ou  the  other  hand,  the 
stalked  Crinoids  are  reduced  to  a  comparatively  very  limited 
number  of  generic  types  represented  by  a  comparatively 
small  number  of  species. 

A  good  classification  of  the  Crinoids  is  still  a  desideratum. 
Commonly  they  have  been  divided  into  two  groups  termed 
Respectively  ArticultUa  and  Teseelaia,  according  as  the  radial 
plates  of  the  calyx  are  freely  articulated  to  one  another,  or 
are  immovably  joined  together  without  articulation.  This 
arrangement  is  a  far  from  satisfactory  one  ;  but  if  accepted, 
we  should  have  all  the  Mesozoic  and  Kainozoic  Crinoids 
(except  Marawpites)  in  the  division  of  the  CHnoidea  arti- 
culaia.     On  the  other  hand,  the  division  of  the   Crirwidea 
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tesselata  would  corresponcl  with  the  PalEeocrinoidB,  compris- 
ing all  the  species  known  from  the  Palfeozoic  formaUona. 

The  division  of  the  Crinoidea  into  stalked  aod  free  fomiE 
is  in  many  respects  inapplicable  aa  a  basis  of  zoological 
classification.  There  can,  however,  be  no  doubt  but  that 
the  free  Crinoids  are  structurally  an  advance  upon  the  fixed 
forms.  It  is  therefore  of  interest  to  note  that  tlie  stalked 
Crinoids  had  attained  their  maximum  in  the  Palaeozoic  rocks, 
and  had  even  commenced  to  decline  before  the  free  Crinoids 
first  made  their  appearance  in  the  Mesozoic  Series. 

In  the-  absence  of  any  satisfactory  classification  of  the 
Crinoids,  it  will  be  sufficient  here  to  briefly  consider  the 


'^ 


Flg-IM.— A,  IHasnm,  ■howtngtlieiUHMtedciilyiof  CVot^oeriiHutiiftirHill}.    h, 
Pf  PanbASftls;  r,  LovHl  of  the  UiKflndiAliC^priJuuy  twliAl^");  »»  Aiui  pUt«.     b,  Calyx 
ud  put  d[  ths  iirtn*  at  OtaOucrtnta  plaitu,  of  tbs  nitnnl  ilia.    CiTbaBlferoni. 

leading  types  and  geological  range  of  the  more  important 
families  of  the  order.  It  should  be  borne  in  mind,  however, 
that  though  some  of  these  families  are  undoubtedly  natural 
assemblages,  the  same  cannot  be  afRrraed  of  all  of  them, 
while  there  often  exist  considerable  and  legitimate  doubts 
as  to  the  true  position  of  many  of  the  genera. 

The  family  of  the  CyaihocrinidtB,  as  represented  by  Cyath- 
ocrinus  itself,  presents  us  with  one  of  the  simplest  types  of 
the  Pedunculate  Crinoids.     In  Cyaikoerinas  (fig.  169)  the 
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c^yx  is  somewhat  globular,  consisting  of  five  "  basals,"  alter- 
nating with  an   equal  number  of  "  parabasals "  or  "  sub- 
radials,"   these   in  turn  being  followed  by  the  "  radials." 
There  are  generally  three  "  radials  "  to  each  arm,  the  primary 
radials  being  comparatively  laige,  while  the  other  ones  are 
smalL     There  are  no  "  inter-radials."     The  structure  of  the 
upper  surface  of  the  calyx  in  this  genus  has  not  yet  been 
completely  made   out.     The  vault  of  the  calyx  is  always 
slightly  arched,   or  comparatively  flat   and   depressed,  and 
there  appears  to  be  a  small  anal  proboscis  on  one  side.     A 
central  mouth  has  been  described  as  present ;  but  specimens 
examined  by  Meek  and  Worthen 
would  go   to   show  that   the  ap- 
parent mouth  is  due  to  breakage, 
and  that  the  summit  of  the  calyx 
is  really  vaulted  over  by  calcare- 
ous plates,  the  mouth,  as  in  tlie 
Palseocrinoids  genei-ally,  being  thus 
hidden    from  view.       The    genus 
Cyathocrinus    is    mainly   confined 
to  the  Carboniferous  and  Permian 
rocks,  though  examples  have  been 
described  from  both  the  Silurian 
and  Devonian.    The  Carboniferous 
genus  Zeaeriims  is  also  related  to 
Cyathocrinus,  but   the   basals   are 
very  small,   and    there    are    four, 
six,  01-  more  anal  plates.    We  may 
place  here  also  the  curious  Ichthyo- 
crinus  of  the   Silurian   and   Car- 
boniferous (fig.  162,  b),  the  arms 
of  which  are  frequently  bifurcated. 

Allied  to  the  precediuff  is  the       „     ^    „ ,        ,     _.  .  . 

V  &      "    "    •-  Y\g.  180.— Colyi  and  part  of  the 

family   of   the    Poleriocrinidas,    of    uma  or  foia^omnw  ™Jio(M,  show. 

Wnicn    rotenOCnnUS     is     the    type.      {Aftar  Db  Xonlnok  md  I*  Hon.) 

In  this  genus  (fig,  160)  the  cup 

consists,  as  in   Cyathocrinus,  of  five  basals,  five  parabasals, 
and  a  variable  number  of  radials,  the  primary  radials  being 
the   largest ;    and    there   are   no   inter-radials.       There  are, 
VOL.  I,  S 
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however,  four  to  six  anal  plates ;  and  the  upper  surface  of 
the  calyx,  instead  of  being  depressed,  is  always  swollen  and 
convex,  and  furnished  with  a  very  large  anal  tube  or  "  pro- 
boscis." The  genua  (with  various  sub-genera)  commences  in 
the  Silurian,  is  present  in  the  Devonian,  and  abounds  in  the 
Carboniferous  period,  after  which  it  disappears.  If  the  Cai'- 
boniferous  genus  Zmcrinus  be  proved  to  have  a  laige  pro- 
boscis, it  will  have  to  be  removed  from  the  Cyaihocrinidm  ■ 
and  placed  here.  The  Silurian  genus  Dendrocrinus  also  stands 
very  close  to  Poteriocrintis,  and  possesses  a  greatly-developed 
proboscis,  in  some  species  of  extraordinary  length. 

In  the  little  group  of  the  Bkodocrinidiz,  typified  by  the 
Carboniferous  genus  Rhodocrinus  (fig.  1 6 1 )  there  are  five  basals 


i'><Jifl«rBi'liiilt»).    A,  BuBli; 

and  five  parabasals  or  sub-radials  ;  there  are  three  cycles  of 
radial  plates ;  there  are  from  six  to  eight  "  inter-radials  "  in 
each  inter-radial  space ;  the  anal  plates  are  eight  to  twelve 
in  number ;  and  the  arms,  varying  in  number  from  ten  to 
twenty,  are  bifurcated  two  or  three  times  during  their  course. 
Very  nearly  allied  to  Hhodocrinus,  though  apparently  separ- 
able from  it,  is  the  Carboniferous  genus  Giihertsocrinua. 
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All  the  preceding  families  are  provided  with  a  zone  of 
"  parabasal "  or  "  siib-radial "  plates,  and  if  we  regard  this 
character  as  being  of  high  classificatoiy  value,  we  must  con- 
sider here  the  groups  of  the  TaxocrinitUe  and  AntkotrinidcE, 
both  of  which  in  some  respects  differ  widely  from  the  typical 
PalEeocrinoids.  In  the  Taxocrinidte,  typified  by  the  genu8 
Ta-TOmajw  (fig.  162,  c)  of  the  Silurian,  Devonian,  and  Carbon- 


Fig.  Idl— upper  SUuriAn  Crinotdi.  a,  Cilyr  and  anni  of  KuaHtfUcrinv  polyriadylus, 
WsDlock  LlnisiiUine:  h,  iaUAfMriRtu  UtvU,  Niagara  Llmeslaiie,  America:  c.  TiuiKriHUj 
lutcnrulalni.  Weulock  Umeatons,    <Aner  N'Oor  and  HilL} 

iferous  deposits,  there  are  three  very  small  basals,  succeeded 
by  five  large  sub-radial  or  parabasal  pieces,  -whicli  support 
from  three  to  seven  cycles  of  radials.  The  inter-radials  may 
be  wanting,  and  are  always  few  in  number.  The  discovery 
that  Forbesiocrinits,  of  the  Devonian  and  Carboniferous,  really 
possesses  three  minute  basals  (not  represented  in  fig.  158, 
after  De  Koninck  and  Le  Hon,  in  which  the  plates  lettered 
h  thus  really  are  the  "  parabasals  "),  places  this  genus  in  the 
immediate  neighbourhood  of  Ttucocrinus,  from  which  it  is 
only  separated  by  the  possession  of  numerous  inter-radial 
and  anal  plates.  Taxoerinua  is  remarkable,  as  compared 
with  almost  all  the  Palseocrinoids,  in  apparently  having  the 
upper  surface  of  the  calyx  covered  by  soft  integument  only, 
instead  of  being  vaulted  over  with  calcareous  plates. 
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In  the  family  of  the  AtithocrinidtB  we  have  only  the  extra- 
ordinary Silurian  genera  which  have  been  described  oaAntho- 
erimts  and  CroUdoainus.     In  the  former  of  these  (fig.  163), 


Fig.  Ids.— A,  Calyx  and  ar 
rall«il  up ;  B,  A  portion  of 
(AfUrJ.  MUller.) 

which  is  the  beat  known,  the  calyx  consists  of  five  basals, 
five  parabasals,  and  a  single  zone  of  radials,  while  inter- 
radials  are  wanting,  and  there  is  only  one  anal  plate.  The 
arms  are  bifurcated,  and  the  subdivisions  unite  with  one 
another  by  means  of  lateral  processes,  thus  giving  rise  to 
a  network,  perforated  by  numerous  apertures  (fig.  163,  b). 
The  five  ilattened  or  leaf-like  expansions,  produced  by  this 
curious  metamorphosis  of  the  arms,  are  rolled  up  like  the 
petals  of  a  flower.  Crotalocrinus  in  the  conformation  of  its 
arms  appears  to  resemble  AntJtocrimis,  except  that  the  edges 
of  the  arms  appear  to  be  united,  but  the  structure  of  the 
calyx  is  somewhat  different. 


Fig.  104.— Hajilocriiin.i  maptlifiirmi-'-    The  cilj-<  vlewatl  from  bolow,  from  one  iililt, 
oni)  from  above.    Dovonlan. 

Lastly,  we  must  place  here  the  little  family  of  the  Haplo- 
erinidw.  In  the  Devonian  genus  Haptocrimia  (fig.  164)  the 
calyx  is  small   and   globular,  with   five   small  basals,   suc- 
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ceediid  by  a  cycle  of  three  parabasals.  There  are  five  radials, 
two  of  -which  stand  directly  upon  the  basals,  while  the  others 
rest  on  the  parabasals.  The  upper  surface  in  covered  by 
five  inter-radial s,  so  disposed  as  to  form  a  pyramid.  In  the 
related  genus  Tnaennus,  of  the  Silurian  and  Devonian,  there 
are  only  three  basal»,  and  a  single  parabasal. 

We  come  now  to  a  series  of  the  stalked  Crinoids  in  which 
there  are  no  parabasal  plates.     Foremost  among  these  is  the 
•;reat  family  of  the  Adi-nocrin-ida;,  of  which  Adiiwcrinus  itself 
is  the  type.    In  this  genus  the  calyx  (figs.  153-155),  though 
very  variable  in  shape,  consists  of  three  basals  (fig.  165,  b), 
which  articulate  upwards  with  three  cycles  of  radials,  the 
"  sub-radials  "  being  wanting.     The  axillary  radials  carry  each 
a  double  series  of  brachial  plates,  which  support  the  vari- 
ously divided  arms.      There  are  three  or  more  anal  plates, 
of  which  the  lowest  (fig.  165,  a)  always  rests  upon  the 
basals  directly.     There  is  a  variable  number  of  inter-radials, 
and  the  column  is  round.     The  upper  surface  of  the  cup  is 
vaulted  over  with  calcare- 
ous plates,  and  tlie  bracliial 
grooves  are  continued   be- 
neath the  vault  thus  formed, 
as  so  many  tunnels,  to  the 
central  and  concealed  mouth. 
The  anus  mayor  may  not  be 

extended  into  a  proboscis,  i 

and  it  is  sometimes  very 
excentric,  aometinies  sub- 
centraL  It  has  been  shown 
that  in  many  of  tlie  Actin- 
ocrinid^  there  exists  in  the 

interior  of  the  calyx  a  sin-       fib.  is5.-Dia«raiu  or  the  diuecu<i  oiyi  of 
gular  convoluted  calcareous    ^|^^.'''"in{^[''^,^jI^!''i"iTH.'o,^^j'f'tiJ; 
plate,  of  a  reticulated  tex-    mai  put**- 
ture,  shaped  somewhat  like 

an  ordinary  Bubble-shell  (Bulla),  occupying  the  vertical  axis 
of  the  body,  and  oft«n  of  large  size.  This  has  been  compared 
with  the  calcareous  stmctures  present  in  the  "  sand-canal " 
of  various  Echinoderms ;  but  it  is  probably  rather  an  extreme 
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development  of  the  diacoidal  calcareous  plates,  which  have 
been  described  as  strengtheniDg  the  double  wall  of  the  spir- 
ally-twisted alimentary  canal  in  the  living  Comatula.  The 
genus  AclinocntMts  appears  to  commence  in  the  Upper  Silu- 
rian, and  is  also  represented  in  the  Devonian ;  but  it  attains 
its  maximum  in  the  Carboniferous,  and  is  wholly  unknown 
in  later  deposits.  Af^igtocrinvs,  Agaricocrimis,  and  Batocrinvs 
are  Carboniferous  forms  very  closely  allied  to  Adinocriwus, 
and  perhaps  of  but  sub-generic  value.  The  Silurian  Perk- 
chocrinue  is  another  close  ally  of  Adinocrinvs,  and  the  Car- 
boniferous Amphoracrimia  and  Dorycrinvx  only  differ  from  it 
in  comparatively  trifling  particulars. 

In  the  Devonian  genus  MdocrivMS,  though  the  structure 
is  in  many  respects  similar  to  that  of  ActinocHnus,  there  are 
fowr  basals,  and  tiie  lowest  anal  plate  is  separated  from  the 
basals  by  the  priuLary  radials. 

In  the  family  of  the  Platycrinidw,  as  typified  by  Platy- 
crinue  itself  (fig.  152),  the  cup  consists  of  three  basals  (as 
in  AUinocrinus),  which  support  two  cycles  of  radial  plates, 
of  which  the  primary  ones  are  much  the  largest.  Tbe 
seconclary  radials  carry  the  numerous  bifurcated  arms,  all 
the  divisions  of  which  bear  pinnuLe.  There  is  a  single  inter- 
radial  in  each  of  the  inter-radial  spaces,  and  there  may  be 
one  large  or  three  small  anal  plates.  The  column  is  rounded 
near  the  calyx,  but  its  lower  joints  are  oval  and  compressed. 
There  is,  typically,  a  large  anal  proboscis.  In  connection 
with  the  proboscis  of  Platycrinvs,  we  may  just  notice  the 
well-known  fact  that  in  many  specimens  (as  is  the  case 
with  other  Grinoids  possessing  a  similar  elongated  anal 
tube)  there  is  found  in  close  apposition  with  the  proboscis, 
and  often  placed  upon  its  actual  summit,  the  shell  of  a  fossil 
Univalve  (apparently  almost  always,  or  always,  a  species  of 
Platyceras).  It  was  originally  supposed  that  the  Crinoid 
had  been  fossilised  in  the  act  of  eating  the  Mollusc — the 
anal  tube  being  regarded  as  the  mouth — but  all  the  living 
Crinoids  feed  upon  microscopic  animalcules,  and  this  sup- 
position is  therefore,  prima  /acie,  an  improbable  one.  It  has 
also  been  shown  by  Meek  and  Worthen  that  the  Plaiytxras 
must  have  lived  for  a  long  time  attached  to  the  proboscis  of 
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the  Crinoid,  since  the  lip  of  its  shell  has  closely  adapted  its 
form  to  that  of  the  surface  to  which  it  is  attached.  We  may 
therefore  safely  accept  the  conclu&ioDB  reached  by  these 
observers,  that  the  Flatyceraa  was  in  the  habit  of  attaching 
itself  parasitically  to  the  side  or  summit  of  the  proboscis  of 
Platyerinus  and  otlier  Crinoids,  thus  obt^ing  a  ehare  of  the 
minute  animalcules  upon  which  its  host  lived. 

Platycrinus  is  essentially  a  Carboniferous  genus,  though 
forms  certainly  not  more  than  aub-generically  differing  from 
it  occur  in  the  Upper  Silurian  and  Devonian,  The  De- 
vonian genus  Hexacrinus  is  very  closely  allied  to  Platycrinus, 
but  it  possesses  one  large  anal  plate,  which  rests  directly 
upon  the  basals  (as  in  Actinocrinus).  In  CoceocHnus,  of  the 
Upper  Silurian  and  Devonian,  we  have  an  aberrant  type  of 
this  family,  in  which  the  summit  of  the  calyx  is  covered  by 
five  large  pentagonal  plates,  forming  a  depressed  pyramid. 

In  the  extraordinary  family  of  the  Eitmlyptocrinida  is 
only  the  abnormal  Sucalyptaennus  {fft/panthocrinua)  of  the 


Tig.  1«6.— 1,  Calyr  and  moa  at  ^niaJyptocriiuu  nwoEU;  viewed  Frnm  on«  aide,  of  tho 
lutunl  Blie— DevoDiui  (nflcr  BchDitffl) ;  b,  Cilyi  of  6'ljij;(iKrliiiu  (auuiii,  tieweil  rrom  one 
tide,  or  Uie  utunl  hIh— Ldmr  Sllurtio  (after  M'Co;). 

Silurian  and  Devonian  (figs.  162,  a,  aud  166,  a).  In  this 
genus  the  calyx  is  inverted  upon  itself,  the  calicine  cup 
being  deeply  concave  at  its  base,  so  as  to  look  like  the 
bottom  of  a  wine-bottle.  As  now  known,  there  are  four 
small  basals  (as  in  Melocrinits),  which  carry  five  laige 
primary  radials.  These  are  strongly  bent,  one  half  of  each 
passing  up  into  the  basal  funnel,  while  the  other  half  ap- 
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pears  on  the  lower  and  lateral  aspects  of  the  cup.     Two 
other  tows  of  radials  succeed  these,  the  tertiary  radials  being 
unusually  lai^e,  and  each  supporting  the  bases  of  two  arms. 
The  inter-radial  plates  are  developed   in    a  most   singular 
manner,  so  as  to  form  a  series  of  five  linear,  clavate  pro- 
cesses, which   separate   and   support  the   arms ;    iive   other 
precisely    similar    processes    being   borne    by    the    axillary 
radials.     The  arms  thus  come  to  lie  in  deep  grooves  or 
niches  in  the  sides  of  the  calice,  the  upper  surface  of  which 
they  do  not  reach.     The  upper  surface  is  completely  vaulted 
over,  and  is  mainly  formed  by  the  upper  ends  of  the  ten 
inter-brachial  processes  just  spoken  of,  in  the  centre  of  which 
is  a  small  circular   (oral  ?)  aperture,  surrounded  by  four 
plates.     Without  entering  further  into  the  structure  of  this 
genua,  it  is  clear  that  it  presents  us  with  an  entirely  unique 
type,  in  which  tlie  mode  of  existence  must  have  been  very 
unlike  that  of  the  ordinary  Crinoids.     This  is  shown  by  the 
fact  that  the  arms  are  shorter  Uiau  the 
calyx,  lying    freely   in  grooves    in    its 
sides.      Billings  has   shown    that  the 
brachial  grooves  in  Evcalyptocrirme  per- 
forate  the   walls   of   the   calyx   at   the 
bases   of  the   arms,  and  thus  gain  the 
interior   of  the  cup  (GeoL    Survey  of 
Canada,  Decade  111.  p.  24).      It  may 
therefore  be  suggested,  with  some  pro- 
bability,   that    the  animal  obtained   its 
food   by  means  of  currents   set   up   in 
the  surrounding  water  by  the  cilia  lining 
the  brachial  grooves  (as  in  the  ordinary 
Crinoids),  but  that  tlie  real  oral  aper- 
ture was  placed  at  some  unknown  point, 
rin.ticapn»M:Hm"^J^,    deep  within  the  cup,  and  that  the  open- 

o'('iistur«l™tj'"'De'vontan'     '"=  **  ''''^  *°P  '^^  ^^^  CalyX,  USUally  BUp- 

(Afier  sthuitM.)  posed  to  be  the  mouth,  is  really  the 

anua. 

The  family  of  tlie  Glyptocrinidw,  represented  by  the  Silurian 

Glyplocrinus,  ^rees  with  the  preceding  families  in  having  no 

parabaaalg,  but  there  are  Jive  basals,  succeeded  by  three  rows 


.obyGooglc 


CEINOIDEA. 


281 


of  radiald.  There  are  six  inter-radiaJs  in  each  inter-radial 
space,  and  seven  or  more  anal  plates.  The  arms  are  well 
developed,  the  column  is  annulated  or  moniliform,  and  the 
plates  are  usually  ornamented  with  radiating  ridgea  (fig.  16G). 

In  the  little  Devonian  family  of  the  Gasterocxmiidw,  as 
represented  by  Oaeterocoma  {  =  Epactocrinus),  there  are  five 
baaals,  surrouuding  the  uppermost  joint  of  the  column,  and 
succeeded  by  a  single  cycle  of  five  radials,  the  upper  edges 
of  which  are  hollowed  out  for  the  reception  of  the  brachial 
grooves  on  their  way  into  the  interior  of  the  calyx.     The 
anus  is  quite  exeentric,  and  is  placed  just 
above  one  of  the  five  basals,  surrounded 
by  a  ring  of  five  smaU  plates,  surmounted 
by  a  sixth  larger  one.    There  are  five  arras ; 
and  the  column  is  obtusely  qnadrangidar, 
and  is  perforated  by  four  canals,  surround- 
ing, or  confluent  with,  a  larger  central 
tube. 

In  the  Cupressocnnida:,  as  represented 
by  the  singular  Cuprcssocrinus  of  the  De- 
vonian, the  calyx  (fig.  167)  is  cup-shaped, 
the  centre  of  its  base  being  formed  by  the 
expanded  uppermost  joint  of  the  column, 
which  is  surrounded  by  five  basals,  which 
carry  a  single  cycle  of  five  lai^e  radials. 
These  support  five  much  smaller  plates, 
which  may  be  secondary  radials,  and  these 
give  origin  to  the  five  arms.  The  arras 
are  undivided,  diminish  gradually  towards 
their  apices,  and  by  the  accurate  apposition 
of  their  edges  form  together  a  pentagonal 
pyramid,  when  the  animal  is  at  rest.  The 
arms  are  deeply  grooved  on  their  ventral 
surfaces,  but  these  grooves  are  roofed 
over  by  four  parallel  rows  of  small  cal-    **">■"  tiie  artlruiiTihig 

,    ,  1.11  .11  nurtice   ot  one  gf  the 

careous    plates,   which    leave    centrally   a    coiumn-joiRto. 
small  ambulacral  sulcus.     The  upper  sur- 
face of  the   calyx   appears  to   have  been   covered   with   a 
leathery  perisome ;  the  mouth  is  central,  and  the  anus  ex- 
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centric  and  not  prolonged  into  a  proboscis ;  and  there  is  a 

pecoliar  internal  skeleton  (as  in  various  Palaeocrinoids)  for 
the  support  of  the  viscera.  The  column  is 
obtusely  quadrangular,  annulated,  and  tra- 
versed by  a  large  central  canal  surrounded 
by  four  smaller  tubes.  The  Carboniferous 
and  Devonian  Symiathocrinus,  and  the 
Devonian  Pkimocrinus  are  nearly  related 
to  Cupreasocrinus. 

In  the  family  of  the  Encrinidm,  -we  have 
Criuoidswith  freely-articulated  radial  plates 
{Crinoidea  articulaia).  The  calyx  consists 
of  five  basals,  five  parabasals,  and  three 
cycles  of  radials  (fig.  168),  but  there  are 
no  inter-radials.  Ilie  arms  are  composed 
of  a  double  series  of  alternating  pieces, 
and  c£irry  pinnules  on  their  inner  faces. 
The  column  is  long,  composed  of  round 
joints,  with  articulating  surfaces  grooved 
in  a  radiating  manner,  and  pierced  by 
a  small  round  central  canal.  The  chief 
genus  is  Encriims  itself,  well  known  by 
the  beautiful  E.  liln/(mnis  (fig.  168)  of 
the  Muschelkalk.  All  the  genera  of  the 
family  are  Triassic. 

In  the  Eugcniacrinidas  are  imperfectly 
known  and  comparatively  small  Crinoids, 
principally  from  the  Jurassic,  but  extend- 
ing upwards  into  the  Cretaceous.  In 
Etigeniacrinus  the  calyx  consists  of  five 
basals,  and  three  cycles  of  radials ;  but 
there  are  no  parabasals  or  inter-radials. 
In  the  Penfacrinida,  typified  by  the 
well-known  genus  PerUaci'inm  (fig.  157), 
the  calyx  is  small,  composed  of  five  basals 
Fig.  m.  -  Apim-rinna    ^■^^  three  cycles  of  radials,  witliout  either 

Raa^itu  Middia  Oo-  parabasals  or  inter-radials ;  the  arms  are 
long,  abundantly  and  irregularly  ramified ; 

and  the  column  is  pentagonal,  the  articulating  sunfaces  being 
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formed  by  crenated  ridges  arranged  in  a  flower-like  manner. 
The  principal  genus  is  PeiUaerinua  (including  Extracrinus), 
which  made  ita  first  appearance  in  the  Trias,  is  abundantly 
represented  in  the  Jurassic,  is  found  in  less  numbers  in  the 
Cretaceous  and  Tertiary,  and  still  survives  at  the  present 
day. 

In  the  Apiocrinida;,  or  "  Pear-Encrinites,"  the  column  is 
long  and  rounded,  and  ia  rooted  inferiorly  to  the  sea-bottom. 
The  upper  column-joints  gradually  increase  in  diameter  till 
they  attain  the  width  of  the  calyx ;  or,  if  this  does  not  occur, 
the  basal  plat«s  of  the  calyx  are  fused,  so  as  to  appear  like 
the  highest  joint  of  the  stem.  In  the  typical  members  of 
the  family  the  calyx  consists  of  five  basals  and  three  cycles 
of  radials,  but  there  are  no  inter-radials  or  parabasals.  The 
type  genus  of  the  family  is  the  Jurassic  Apiocrinits  (fig. 
169);  Gnettardicrinui,  and  Miiltrierinue  are  also  Jurassic; 
the  curious  genus  Bourffueiicrinvs  b  Cretaceous  and  Tertiary ; 
and  Bhisoerinua  (fig.  150)  is  found  living  at  the  present  day. 

Intermediate  between  the  ordineiy  stalked  Crinoids  and 
the  typical  free  sessile  forms  (such  as  GonuUvia)  is  the  family 
of  the  HohpidcB,  in  which  the  nn'tngl  ig  permanently  fixed, 
though  there  ia  no  stem.  In  the  living  Holopus,  the  type  of 
the  group,  the  baaals,  with  the  first,  and  probably  also  the 
second,  radials,  are  fused  together,  "  fbrmii^  the  wall  of  a 
tube-like  body-chamber,  which  is  cemented  beneath  to  the 
foreign  body  to  which  the  Crinoid  is  attached,  by  an  irreg- 
ularly expanded  calcareous  base "  (Sir  WyviUe  Thomson). 
There  are  five  arms,  and  there  does  not  appear  to  be  any 
anal  opening.  The  genus  CyeUhtdium,  from  the  Chalk  of 
Faxoe,  appears  to  be  hardly  separable  generically  iVom  Solopus. 

We  have,  lastly,  to  consider  very  briefly  the  ordinary 
sessile  Crinoids,  none  of  which  are  known  to  have  appeared 
in  deposits  older  than  the  Secondary,  and  which  have  played 
a  comparatively  unimportant  part  in  geological  history.  Tlie 
first  family  of  these  ia  that  of  the  Marmpitid(€,  in  which  the 
calyx  in  many  points  of  its  structure  resembles  that  of  the 
stalked  Palaeocrinoids,  but  in  which  there  is  no  peduncle.  In 
Marsupites  (fig.  170),  the  "  Tortoise- Encrinite,"  which  we  may 
take  as  the  type  of  the  group,  the  calyx  ia  of  large  size,  and 
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the  centre  of  its  base  is  formed  by  a  single  plate,  which  may 
be  regarded  as  tiie  uppermost  segment  of  the  stem,  or  as  an 
azygous  basal,  or  as  formed  by  the  anchylosis  of  several 
busals.  Round  this  are  two  cycles  of  parabasals  (or  one 
cycle  of  basals  and  one  of  parabasals),  sumiounted  by  a 
single  cycle  of  radiala.     There  are  five  arms,  and  the  upper 


^ 


Q 


Pig.  110— A,  Bhlc  view  of  Uie  calyi  wid  buea  gf  the  anna  or  MariupUa  omalHi,  (tarn  tlis 
Chalk,  B,  D<a«nun  (alter  HbU)  of  tbt  ^iteeUA  ctiyi  o(  JganiiiKritiia!  6,  Buali;]!,  Pin- 
buals ;  r,  RsdUl* ;  0,  Anal  pl>t«a. 

surface  of  the  calyx  appears  to  have  been  covered  by  a 
leathery  membrane,  containing  calcareous  ossicles.  Mar- 
supUes  is  wholly  confined  to  the  Cretaceous ;  and  the  allied 
genus  UiiUacrinus,  with  ten  arms,  is  from  rocks  of  the  same 
age  in  North  America.  In  the  curious  Astylocrinvs  and 
Agaesizocriniis,  of  the  Carboniferous,  we  have  two  closely 
allied,  or  identical,  Palieozoic  types  of  sessile  Crinoids.  In 
these  forma  (fig.  170,  b)  the  base  of  the  calyx  ia  formed  of 
five  anchylosed  basals,  succeeded  by  five  parabasals,  which  in 
turn  are  surmounted  by  two  cycles  of  radials.  Aijaasizocrimis 
appears  also  to  possess  a  small  number  of  anal  plates. 

Finally,  in  the  family  of  the  Cmnatididw,  represented  by 
our  living  Feather-stars,  we  have  Crinoids,  which  are  pedun- 
culate in  the  early  stages  of  their  existence,  but  wliich  in  the 
adult  state  lead  an  entirely  free  life.  In  their  free  condition, 
the  "  peduncle  "  of  the  stalked  Crinoids  is  represented  only 
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by  the  uppermost  joint  of  the  column,  which  is  dilated  to 
form  the  so-called  "  ceutro-dorsal  basic,"  and  which  canies 
one  or  more  whorls  of  short  jointed  pinnules  or  "  cirri  " — the 
homologues  of  the  "  aide-arms  "  of  PerUacrinua.  In  the  calyx 
itself  the  basals  are  generally  comparatively  large,  and  are 
anchylosed  with  one  another,  and  often  with  the  primary 
radials,  to  form  the  so-called  "rosette."  There  are  tisually 
three  cycles  of  radials ;  and  the  aimts  may  retain  their  prim- 
itive number  of  five,  or  may  be  once  or  twice  bifurcated. 
The  most  important  fossil  genus  of  the  family  is  the  Jurassic 
Solanocrinus ;  but  the  living  Antedon  has  been  detected  in 
the  Tertiaries,  and  has  been  quoted,  along  with  other  genera, 
from  older  deposits.  As  shown  by  Mr  P.  Herbert  Carpenter, 
the  fossils  of  the  Chalk  known  as  Glenotremiies  consist  really 
of  the  united  centro-dorsal  piece  and  radial  pentagon  of  a 
Comatulid.  The  Jurassic  genus  Satxosoma  (fig.  156),  though 
a  free  Ciinoid,  apparently  allied  to  ComttttUa,  is  at  present 
but  imperfectly  understood. 


.obyGooglc 


CHAPTER    XV. 

CYSTOIDEA,  BLASTOIDEA,  AND  SOLOTHUROIDEA. 

Order  V. — Cystoidea. 

The  Cystoidea  are  Echinodfrmata  in  which  the  body  was  gen- 
erally spheroidal,  peduntndaie  or  sessile,  enclosed  hy  calcareous 
articulated  plates,  some  of  which  are  porous  and  are  ccmitected 
with  respiTiUion.  Arms  rudimetUary,  mostly  reduced  to  the  pin- 
nuUe  only.  Seprodttctive  otitis  contained  within  the  interior 
0/ the  calyx. 


Fig-i; 


In  general  form  the  Cystideaas  are  globular,  oval,  pear- 
shaped,  conical,  or  aub-cylindrical,  and  they  resemble  the 
Crinoids  in  conBisting  of  a  atem  or  "  column  "  and  a  body  or 
"  calyx."  The  column  is  composed  of  a  suocesaion  of  cal- 
careous joints,  and  in  no  respect  differs  from  the  column  of 
the  Crinoids.  In  Lepadocrinus  (fig.  172,  li),  however,  it  is 
doubtful  if  the  column  was  affixed  to  any  foreign  body,  for  its 
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lower  extremity  ia  composed  of  a  single,  long,  spindle-sbaped 
piece.  There  are  also  forms  in  which  the  mode  of  attach- 
ment of  the  body  is  still  unknown.  The  calyx  consiBts  of  a 
a  number  of  polygonal  calcareous  plates  accurately  fitted 
together,  and  enclosing  all  the  viscera  of  the  animal  Some- 
times the  plates  are  indefinite  in  number  and  armngemeDt ; 
hut  in  other  cases  the  number  of  plates  is  limited,  and  they 
are  arranged  according  to  a  definite  plan.  In  other  cases  the 
number  and  arrangement  of  the  plates  may  be  definite  on 
one  side  of  the  calyx  and  indefinite  on  the  other. 

As  regards  the  structure  of  the  arms  of  the  Cystideans, 
there  is  a  good  deal  of  diversity.     In  some  forms  there  were 


Pig.  m.— CiiUdtima.     A,  Cnriwriniu  omiUta:  n,  Colnmn;  6,  Cilyx;  r, 
pinnulB  were  itUcbHl :  d,  VilvulJir  pjrninld.     b,  PUunq/itUa  (funuwu  <iloml  iMt) : 
p,  p.  Two  of  UiB  pecUnitid  rhomU.     c,  PmidBcrinvi  M/ucfolvi.    D,  LtpadccHiiiit  GeAitardt. 

no  true  arms,  comparable  with  the  arms  of  the  Crinoids ;  but 
there  were  small  jointed  processes,  which  were  attached  to 
the  calyx,  and  which  represent  the  "  pinnulse "  or  lateral 
branches  of  the  arms  of  the  Crinoids.  In  some  cases,  grooves 
— corresponding  with  the  brachial  grooves  of  the  Crinoids — 
are  seen  to  extend  from  the  point  of  attachment  of  each 
piunula  to  the  summit  of  the  calyx.     In  other  cases,  as  in 
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ApioeystiUt,  Codaiter,  and  CaUoofstUes,  arms  were  present,  but 
they  vere  bent  backwards  and  immovably  soldered  down  to 
tbe  Burfoce  of  the  calyx.  The  arms  spring  iu  these  cases 
from  the  apex  of  the  calyx,  and  are  anchylosed  by  their 
dorsal  surfaces  to  the  body.  On  their  ventral  snrfaces  the 
arms  are  grooved  by  furrows  which  clearly  correspond  with 
the  brachial  grooves  of  the  Crinoids,  and  on  each  side  of 
these  grooves  b  a  row  of  pinnulie.  In  one  or  two  cases 
there  is  only  a  single  row  of  pinnules,  and  the  arm  seems  to 
have  been  fastened  to  the  calyx  by  one  of  the  lateral  sur- 
faces, instead  of  by  the  dorsal  surface.  In  one  Gystidean 
only  (viz.,  Comarmn/stiies  pujictatus,  Billii^),  are  there  free 
arms  as  in  the  true  Crinoids;  but  further  researches  will 
doubtless  show  that  these  appendages  existed  in  other  species 
as  well.  In  ComaTocystiiee,  however,  the  arms  differ  from 
those  of  the  Crinoids  in  being  only  four  in  number,  in  not 
subdividing  (though  they  carry  lateral  pinnse),  and  in  arisii^ 
directly  from  the  summit  of  the  calyx. 

Upon  the  upper  surface  of  the  calyx  in  the  Cystideans  are 
two,  or  sometimes  three,  apertures,  tiie  functions  and  nature 
of  which  have  given  rise  to  considerable  controversy.  The 
best  known  of  these  is  a  large  opening  which  is  pierced  in 
one  side  of  the  calyx,  usually  near  the  middle  of  the  body, 
but  sometimes  approximated  to  either  the  apex  or  the  base. 
This  aperture  is  mostly  defended  by  a  "  valvular  pyramid ; " 
or,  in  other  words,  by  a  series  of  small  plates,  arranged  iu  a 
pyramidal  manner,  and  serving  for  the  closure  of  the  open- 
ing. Much  difTerence  of  opinion  has  prevailed  as  to  the  true 
nature  of  this  orifice.  Von  Buch  believed  that  it  was  an 
"  ovarian  aperture ; "  Mr  Rilling!;  regards  it  as  discharging 
the  functions  of  both  the  month  and  anus ;  whilst  Sir 
Wyville  Thomson,  Mr  Salter,  and  other  high  authorities, 
regard  it  as  being  the  anus,  and  as  corresponding  with  the 
proboscis  of  the  Crinoids.  That  it  is  not  an  "ovarian  orifice" 
may  be  regarded  as  certain,  so  that  the  question  is  narrowed 
to  its  being  the  anus  alone,  or  an  "  oro-anal "  orifice.  In 
the  living  Leskia  mirabUis,  one  of  the  Sea-urchins,  both  the 
mouth  and  vent  are  closed  by  convetging  triangular  valves, 
which  doubtless   correspond  with  the   "  pyramid "  of  the 
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CjTstideans.  Thb  recent  form,  however,  is  not  sufGcient  to 
decide  the  present  question,  since  in  it  Ix^h  the  mouth  and 
the  anus  exhibit  this  valvular  apparatus.  Upon  the  vhoLe, 
therefore,  this  question  must  be  regarded  as  undecided, 
though  the  analo^es  of  recent  forms  would  lead  to  the  belief 
that  the  "  pyramid  "  of  the  Cystideans  is  truly  the  anus,  and 
that  the  mouth  must  be  sought  for  between  the  bases  of 
the  arms,  when  these  are  present.^ 

A  second  aperture  is  placed  near  the  centre  of  the  summit 
of  the  calyx,  between  the  bases  of  the  arms,  when  these 
exist  This  opening  has  not  been  universally  detected,  and 
its  true  nature  is  doubtful  By  Mr  Billings  it  is  believed  to 
be  what  he  terms  an  "ambulacral  orifice" — i.e.,  an  aperture 
by  which  the  ambulacral  vessels  passed  from  the  interior  of 
the  calyx  to  the  exterior.  The  analogies  of  recent  forms, 
however,  would  support  the  view  that  this  aperture  is  the 
mouth,  in  which  case  the  "  pyramid "  must  be  the  anus. 
There  is,  however,  in  some  cases  a  third  aperture  of  small 
size,  always  placed  near  the  apex,  and  this  has  been  regarded 
as  being  truly  the  anus. 

Many  Cystideans  were  further  provided  with  a  system  of 
minute  pores  or  fissures,  penetrating  the  plates  of  the  calyx, 
and  often  arrai^ed  in  definite  groups.  These  groups  are 
known  as  "  pectinated  rhombs  "  or  "  hydrospires,"  and  their 
exact  function  is  not  absolutely  certain ;  though  there  can 
be  little  hesitation  in  accepting  the  views  of  Billings  and 
Kofe  that  they  acted  as  respiratory  organs.  Their  form 
differs  considerably  in  different  genera.  In  many  cases  the 
porous  surfaces  or  "  pectinated  rhombs  "  have  the  figure  of 
diamond-shaped  areas,  divided  into  two  halves,  of  which  one 
belongs  to  one  plate  of  the  perisome,  and  the  other  to  the 
contiguous  plate  (fig.  173).  Generally,  if  not  invariably,  the 
pores  upon  the  one  half  of  the  rhomb  are  connected  each 

'  Sir  Wyrille  TbonuoQ  has  recently  nbown  that  the  month  in  the  liriDg 
Hyocrinus  and  Bhizocriiaa  is  protected  b;  a  pyramid  of  five  calcaieons  valves ; 
but  this  aperture  is  central,  and  thus  differs  from  the  latarellf -placed 
"  pyramid  "  of  tlie  Cjatideana.  It  seems  not  improbable  that  the  month  of 
the  Cystideans  was  not  only  central  in  position,  bnt  that  it  resembled  tbe 
mouth  of  the  PabeocrinoidB  in  being  hidden  from  view  by  the  calcarauns 
plates  covering  the  vanlt  of  the  calyx. 
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with  its  corresponding  pore  on  the  other  half  b;  means  of 
canals  or  groovea,  which  may  or  may  not  be  visible  exter- 
nally. The  pores  in  the  pectinated  rhombs  appear  to  be  the 
external  openings  of  canals  which  perforate  the  test  verti- 
cally, and  open  into  a  series  of  flat  tubes  or  parallel  redupli- 
cations of  a  thin  shelly  membrane ;  and  this  structure  l^ds 
to  the  belief  that  the  sea-water  waa  admitted  to  their  in- 
terior, and   that   they  thus   were   enabled   to   serve  in  the 


Rg.   173.— A,  PecUiut«d  rhomb  ot  fflyplocydjlu  nuMpvrw  (BUUngi).     b,  TertlaxUa 
rhumli  of  /■|«rDCVtlila(Bil]ln|»).    c,  Tnu  fluia  ot  CallacyaiCa  .retnlti  (IlaUh  slitiwtng  the 


aeration  of  the  perivisceral  fluid.  While  many  Cystideans  pos- 
sess regular  pectinated  rhombs,  of  the  structure  above  noted, 
others  appear  to  have  a  completely  imperforate  test  {Crypto- 
crinus,  Malocystites,  Trochocystitcs) ;  while  in  other  cases  there 
are  pores  or  fissures  distributed  without  any  very  defiuite 
arrai^ement  over  most  or  all  the  plates  {Echinosphccrites, 
Cary<KyatUes,  PalaaocystUes,  &c.) 

As  regards  the  distribution  of  the  Cystideans  in  time,  they 
are  not  only  wholly  extinct,  but  they  are  exclusively  con- 
fined to  the  earlier  portion  of  the  Palseozoic  period.  They 
appear  to  have  commenced  their  existence  in  the  Upper 
Cambrian  period,  the  earliest  known  examples  being  two 
extremely  simple  forms  (TrochocystUes  and  Eoeydites)  from 
the  "  primordifd  zone  "  of  North  America.  Other  forms  have 
been  described  as  occurring  in  the  "  primordial  zone "  of 
Bohemia.  In  the  Chazy  and  Trenton  Limestones  of  North 
America,  of  Llandeilo-Caradoc  age  {Lower  Silurian),  and  on 
the  same  horizon  in  Bussia,  Scandinavia,  and  Bohemia, 
Cystideans  are  found,  often  in  vast  numbers,  though  in  a 
very  fragmentary  condition.     In  the  Bala  Limestone  (Lower 
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Silurian)  of  BritaiB,  Cystideans  are  abundant  fossils.  Iii 
the  Upper  Silurian  (Niagara  and  Lower  Helderberg)  of  North 
America,  and  on  the  same  horizon  (Wenlock  and  Ludlow)  of 
Britain,  Cystideans  Btill  occur,  though  their  leraains  are  not 
so  plentiful  Lastly,  Cystideans  certainly  existed  in  the 
Deronian  period,  the  genns  Strobilocysiites  being  an  undoubted 
representative  of  this  order  in  strata  of  this  age  in  Iowa. 
Some,  however,  of  the  so-called  "Cystideans"  of  the  Devonian 
rocks  appear  to  be  probably  referable  to  the  Protozoa,  and 
others  belong  to  the  Blastoidea.  With  the  close  of  the 
Upper  Silurian  i^e,  however,  the  order  must  have  unques- 
tionably greatly  diminished,  and  we  have  no  evidence  of  its 
having  survived  the  Devonian  period,  except  in  the  aberrant 
Codasler  and  Oodonitea  of  the  Carboniferous. 

As  regards  their  zoological  affinities,  the  Cystoidea  are 
related  to  both  the  Crinoidea  and  the  Blastoidea.  .From  the 
Crinoids  they  are  separated  by  the,  generally  speaking,  less 
definite  or  nnaymmetrical  development  of  the  plates  of  the 
perisome ;  by  the  absence  or  rudimentary  condition  of  the 
arms ;  by  the  usual  possession  of  definitely  arranged  pores  or. 
fissures  in  the  test,  which  subserve  a  respiratory  function ; 
and  by  the  fact  that  the  reproductive  organs  appear  to  have 
been  always  lodged  in  the  interior  of  the  calice,  instead  of 
being  situated  under  the  integument  of  the  arms  or  piunulse. 
To  the  Blastoids  the  Cystideans  are  more  nearly  related;  but 
in  the  former  the  internal  cavities  of  the  hydrospires  and 
pinnulEe  are  directly  united  through  the  intei-vention  of  the 
ambulacral  pores  (Billii^s),  whereas  in  the  latter  they  have 
no  connection  with  one  another.  Moreover,  the  recumbent 
arms  are  directly  imbedded  in  the  substance  of  the  test, 
whereas  in  the  Cystoids  such  structures,  if  present  at  all,  lie 
above  and  upon  the  plates  of  the  test. 

The  classification  of  the  Cystoids  is  still  in  a  very  un- 
satisfactory condition,  lai^ely  in  consequence  of  the  fact  that 
the  true  structure  of  many  types  is  yet  very  imperfectly 
understood.  There  are,  however,  some  fairly  rec<^ni3able 
groups,  which  may  be  briefly  noticed,  along  with  some  of  the 
more  prominent  types  belonging  to  each.  In  the  first  of 
these  groups,  as  typified  by   Cryptocrinus  (fig,  1 74,  B),  the 
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plates  of  the  test  are  all  solid  and  imperforate.  In  the 
genus  just  mentioned  the  calyx  is  globular,  composed  of 
comparatively  few  plates,  which  have  a  tolerably  definite 
arrangement,  there  being  three  basals,  succeeded  by  two 
ranges  of  pentagonal  plates.  There  is  a  "  valvular  pyramid  " 
of  five  small  plates,  but  the  arms  are  unknown.  The  genus 
Maiocystites,  from  a  very  low  horizon  in  the  Silurian  series 
(Ohazy  Limestone),  has  also  an  imperforate  test,  and  differs 
from  Cryptocrinus  chiefly  in  having  the  calyx  composed  of 
an  indefinite  series  of  plates.  Another  form  of  the  same 
group  is  the  Trochocystiles  of  Barrande, from  the  "Primordial" 


■maliu.    r.  One  of  the  "  pMlinated  rUomlH  •'  of  the  lust,  eoUiged 

r.  Valvulu  pynmid— Siluriin.    All  tlie  iixicimeiiB  si-E  viewad 

rom  on*  ilds.    <a,  a,  and 
H.U.) 

era  after  Von  Buch ;  D  ia  after  Edward  Forbea ;  uid  r  ia  aJUr 

(Tipper  Cambrian)  of  Boliemia.  Tliis  last-named  type  is 
of  special  interest  from  its  high  antiquity,  the  only  other 
Cystoids  of  like  age  being  the  Socystites  of  the  "  Acadian 
group  "  of  St  John's  and  the  Pi'otocyslites  of  the  "  Menevian 
group "  of  St  David's,  botli  of  which  are  only  known  by 
detached  fr^ments,  and  are  ill  understood.  'The  aberrant 
genus  Liclimoc^-inus,  of  the  Lower  Silurian,  may  also  possibly 
belong  to  this  group  of  the  Cystideons,  but  ir  so,  it  forms  the 
type  of  a  quite  peculiar  section.     We  may  temporarily  place 
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here  likewise  a  group  of  forma,  in  which  no  pores  or  fiasnrea 
have  yet  been  detected  in  the  test,  though  it  is  possible  that 
such  really  exist  Among  these,  two  of  the  most  remarkable 
typea  are  Holocyst'Ues  and  QomphocydUes,  both  from  the 
Upper  Silurian  (Ni^ara  group)  of  North  America.  In 
Sbloeytiites  (fig.  174,  r)  the  calyi  is  loi^  and  sub-cylindrical, 
and  ia  composed  of  six  or  more  ranges  of  hexi^nal  or  poly- 
gonal plates,  which  have  a  tabercnlated  surface,  but  are  not 
known  to  be  perforated  by  any  respiratory  pores.  A  short 
jointed  stalk  is  present,  but  there  is  no  evidence  as  to 
the  existence  of  arms  or  pinnulie.  In  GomphocytiUta  (^. 
175,  p)  the  calyx  has  a  very  peculiar  shape,  being  pyriform, 
very  narrow  below,  and  infiated  at  its  summit.  The 
integumentary  covering  consisted  of  numeroiis  ranges  of 
plates,  which  were  granulated  superficially,  bat  show  no 
signs  of  pores.  There  is,  further,  the  character  that  the 
summit  is  grooved  by  five  sessile  arms,  which  surround  a 
central  opening,  and  have  the  same  spiral  arrangement  as 
in  Agelacrinui. 

In  another  group  of  Cy^ideans  the  plates  of  the  test  are 
indefinite  in  nomber,  and  are  not  arranged  in  a  symmetri- 
cally radial  manner,  but  most  or  all  of  them  are  perforated 
by  respiratory  pores.  The  type  -  genus  of  this  group  is 
Eckino^Tunrites  (fig.  174,  a),  in  which  the  respiratory  pores 
are  numerous,  and  are  situated  along  the  margins  of  the 
plates,  those  of  any  one  plate  being  united  in  pairs  with  the 
pores  of  contiguous  plates  by  canals  which  are  visible  exter- 
nally. The  genus  has  been  quoted  from  the  Devonian,  but 
appears  to  be  truly  confined  to  the  Silurian  period.  Caryo~ 
cystites,  of  the  Lower  Silurian,  ia  another  close  ally  of  the 
preceding,  but  has  an  elongated  and  sub-cylindrical  calyx. 
In  Sphwroniiea,  on  the  other  hand,  though  there  are  some 
general  resemblances  to  Sckinotjfhcn^es,  there  is  the  distinc- 
tion that  the  pairs  of  connected  pores  are  upon  the  same, 
not  upon  different  plates,  the  canals  which  unite  them  not 
running  across  the  sutures  between  contiguous  plates.  Both 
SphteronUes  and  the  allied  Glyptoxphmrites  seem  to  be  essen- 
tially Silurian,  and  the  Devonian  fossils  which  have  been 
referred  to  the  former  wiU  probably  find  a  place  elsewhere. 
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In  another  great  group  of  Cystidea,  lastly,  ire  have  genera 
in  which  the  plates  of  the  teat  are  definite  in  numb^,  and 
more  or  less  clearly  arranged  in  a  qninaiy  manner,  while 
the  respiratory  pores  are  nsnally  confined  to  special  and 
limited  areas  of  the  perisome  ("  pectinated  rhombs  ").  The 
number  of  types  included  in  this  group  is  very  lai^,  and 
only  some  of  the  most  important  can  be  noticed  here.  One 
of  these — namely,  the  Pleurocygtiiei  of  BiUings  (fig.  172,  b) — 
is  a  transitional  link  between  the  present  and  the  preceding 
groups ;  since  the  perisomatic  plates  of  the  dorsal  side  of  the 
calyx  are  laige  and  definitely  arranged,  while  those  of  the 
ventral  side  are  small,  numerous,  and  indefinite.  There  are 
two  free,  jointed  pinnuhe,  or  unhranched  arms,  and  there 
are  three  "  pectinated  rhombs."  The  genus  is  wholly  Lower 
SUurian.  A  more  typical  member  of  this  group  is  Bchinoen- 
crinua  (fig.  174,  c  and  d),  in  which,  as  in  vaiiona  allied 
genera,  the  calyx  is  composed  of  four  series  of  plates,  there 
being  four  basals  and  five  plates  in  every  range  above  this. 
There  are  three  "  pectinated  rhombs,"  and,  so  far  as  known, 
no  arms.  The  genus  is  found  in  the  Lower  and  Upper 
Silurian.  Glyptocystitex,  of  the  Lower  SUurian,  is  a  near 
ally  of  the  preceding,  bnt  possesses  numerous  "pectinated 
rhombs  "  (ten  to  twelve  in  number),  no  other  known  genus 
having  more  than  three  of  these  oi^ans.  Apwcydiles,  Pmuio- 
criniis,  and  CaUixnfstites,  form  a  closely-related  sub-group,  dif- 
ferii^  from  Olyptocystites  in  various  points,  but  agreeing  with 
it  in  possessing  five  recumbent  arms,  which  are  soldered  to 
the  calyx,  on  the  surface,  in  the  form  of  so  many  grooves, 
bordered  on  each  side  (when  perfect)  with  a  row  of  short 
jointed  pinnube.  In  Pseridocrinvs  (fig.  172,  c)  the  calyx  is 
orbicular,  and  the  arms,  though  recumbent,  project  consider- 
ably above  the  surface ;  in  Apiocysiites  (fig.  175,  e)  the  body 
is  oblong  and  tetragonal;  and  in  OaUocystiies  the  body  is 
ovoid  (fig.  175,  d),  and  the  arms  are  deeply  furrowed. 
These  three  genera  are  characteristic  of  the  Upper  Silurian 
period,  as  are  Lepadocrinv^  (fig.  172,  d)  and  lYuTwcystiles ; 
the  former  of  these  being  peculiar  in  having  the  last  joint 
of  the  column  very  much  elongated  and  pointed,  while  the 
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latter   poasessee  long,  free    brachial   processes  in  place  of 
recumbeDt  arms. 

In  another  small  section  of  the  preceding  great  group  are 
the  two  well-known  Silurian  genera  Hemicosmiles  and  Garyo- 


FIr.  1T!>.— Critltloua.  A,  CodiKter  acMM,  ihawing  U)«  Dpper  aDrfiH  at  tha  nlfi.  en- 
Urged,  rrom  the  Carbonlferoiu  Llmtttoua  (tfUr  H-Cof).  b,  Codmilu  lUtttfirmi:  aide  ylav 
of  the  ulyi.  of  the  lutunl  elie  <iift«  Meek  and  WartheoX  from  the  Cu-boDiterooi  Llme- 
■tone.  c.  HunimHnf  theraLyiorthemne,  ealAi^.  d,  Side  viev  uf  the  alyi  of  CallMIitilei 
Hiu,  ihuittiR  thebnoblil  rurrowi.  rtom  the  Upper  Slluriui  <iillcr 
IhB  ctiyi  or  JpiMttHlu  tienlrciKitoiflu.  ehowln^  one  gf  the  bnchiil 
■iiB  (sfMr  E.  Forbes),  i,  Side  view  of  the  r»>t  of  tha  cslyi  of  Com- 
g  tha  kuflatad  Bummlt,  iind  itpinl  bncbU]  groarat.  of  tba  mttnml 
rter  Hkll).    a»  Anal  ^^rture  ;  p,  Rei]>intoiy  fliaurei,  or  rhombe : 


crinvs,  which  agree  with  one  another  in  having  i 
pores  on  each  plate,  these  pores  heing  separate  externally, 
hut  united  in  pairs  hj  canals  which  run  on  the  internal 
faces  of  the  plates.  Bemicosmiies  (fig.  I7l)  has  an  ovoid 
calyx,  the  respiratory  pores  being  disposed  on  each  plate  in 
regular  lines,  and  no  arms  are  known.  In  Caryocrinus  (fig. 
172,  a),  on  the  other  hand,  the  ovoid  calyx  is  surmounted  by 
12-20  free  jointed  pinnulse  arranged  in  three  groups.    There 
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is  a  long  and  cjUndrical  colnmn,  and  each  plate  carriea  a 
series  of  respiratory  pores  or  spongy  tubercles,  in  lines 
radiating  from  its  centre.  The  genus  is  a  lick  between  the 
Cydoidea  and  the  Crinoidea.  As  before  remarked,  the  last 
unquestionable  Cystideans  t)elong  to  the  Devonian  period, 
but  there  are  strong  grounds  for  placing  here  the  genera 
Codaster  and  Codonites,  which  make  a  close  approach  in 
many  respects  to  Pentremitea,  and  thns  may  be  regarded  as 
transitional  forms  between  the  Cystoidra  and  Blaatoidea.  If 
we  adopt  this  view,  as  adTocated  by  Billings,  the  range  of 
the  Cystideans  must  be  extended  to  the  Carboniferous,  as 
both  of  these  genera  occur  in  deposits  of  this  age.  In  the 
curious  Codaster  (subsequently  changed  to  CodoTiaster  with- 
out sufhcient  cause)  the  calyx  (fig.  175,  x)  is  in  the  form 
of  a  reversed  cone,  formed  by  three  basals,  surmounted  by 
a  series  of  five  larger  plates.  The  upper  surface  shows  five 
recumbent  arms,  which  radiate  from  a  central  aperture  (oral 
or  ovarian  (?)  in  function),  each  arm  having  a  central  am- 
bulacral  furrow,  which  is  imperforate,  and  appears  to  have 
really  been  bordered  by  a  series  of  small  pinnulse.  These 
furrowed  arms  are  called  "  pseud-ambulacra  "  by  M'Coy,  but 
as  they  have  no  connection  with  the  respiratory  tubes 
("  hydrospires  "),  they  do  not  correspond  precisely  with  the 
structures  so  named  in  the  Blastoids.  On  the  other  hand, 
there  exist  five  large  fissured  areas,  which  correspond  in- 
structure  and  function  with  the  "pectinated  rhombs"  or 
"  hydrospires "  of  the  true  Cystoids,  of  which  two  are  in- 
complete, and  are  placed  on  each  side  of  a  large  lateral  (oro- 
anal  (?)  or  anal)  aperture,  while  the  other  three  are  bisected 
by  the  recumbent  arms. 

In  Codoniiea  (tig.  175,  B  and  c)  the  general  form  of  the 
calyx  is  much  the  same  as  in  Cadaster,  and  the  summit 
carries  five  recimibeut  arms  (or  "  pseud-ambulacra  "),  which 
have  a  central  furrow,  and  probably  carried  pinnule,  and 
which  agree  with  the  corresponding  structures  in  Codaster, 
and  differ  from  those  of  Peniremites,  in  not  being  perforated 
by  any  apertures.  There  is,  further,  no  central  orifice  at  the 
point  where  the  brachial  furrows  coalesce;  but  there  is  a 
large  lateral  aperture  (supposed  to  be  oro-anal)  in  one  of  the 
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intei-Tadial  spaces.  The  respiratory  organs  or  "  hydrospires," 
lastly,  are  reduced  to  ten  fissures  situated  on  the  sides  of, 
and  parallel  with,  the  brachial  grooTee. 


FOSSlLS   OF   UNCERTAIK   ArFIKITIES. 

"We  may  very  briefly  consider  here  four  genera  which 
have  been  at  one  time  or  other  regarded  as  belonging  to  ihe 
Cystoidm,  but  -which  probably  have  really  affinities  of  a 
very  different  nature,  though  their  exact  zoological  position 
is  still  open  to  doubt.  The  genera  in  question  are  Paxeolue, 
Sph^nwpongia,  NidvlUes,  and  Cydoerinua,  all  of  them  found 
in  the  Silnrian  or  Devonian  rocks,  all  obviously  related  to 
one  another  in  form  and  general  structure,  and  all  as  yet 
partially  understood.  If  they  are  Cystideans,  they  can  only 
be  regarded  as  a  peculiar  and  very  aberrant  group  of  this 
order;  but  it  would  seem  more  likely  that  tbey  will  find 
their  true  place  in  the  vicinity  of  Rec^andites  and  IschadUes. 

The  genus  Pascedus  (fig.  176,  a  and  h)  was  created  by 
Mr  Billings  for  the  reception  of  some  curious  Silurian  fossils 
of  an  ovate  or-  globular  form,  having  an  integument  com- 
posed of  hexagonal  or  pentagonal  plates,  closely  united  with 
one  another,  apparently  deeply  concave  towards  the  interior, 
.and  furnished  with  a  lateral  aperture,  which  is  said  to  be 
surrounded  by  six  plates  differing  in  form  from  the  rest. 
A  peduncle  is  also  supposed  to  have  been  present  Mr 
Billings  first  supposed  that  Paeeedm  might  possibly  belong 
to  the  Tunicata,  but  he  subsequently  came  to  the  conclusion 
that  its  zoological  position  was  entirely  uncertain ;  while 
Messrs  Verrill  and  Niles  seem  to  regard  it  as  a  Cystidean, 

The  genus  Spfucrospongia  is  in  a  hardly  more  satisfactory 
position.  It  was  founded  originally  by  Salter  for  fossils 
such  as  the  SphcBTon'ites  tesadatus  of  the  Devonian,  believed 
generally  to  be  of  a  Cystidean  nature,  and  in  general  struc- 
ture nearly  resembling  Pasceolus.  The  body  (fig.  176,  c)  is 
ovate  or  pyriform,  hollow  within,  and  covered  by  hexagonal 
or  pentagonal  plates  (fig.  176,  d),  but  there  is  no  evidence 
of  any  aperture  in  the  test,  nor  do  we  know  anything  as  to 
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its  mode  of  attachment.     Salter  regards  the  genus  as  refer- 
able to  the  Sponges. 

Cydocrinvs,  again  (fig.  176,  e),  has  a  globnlar  body,  also 
covered  with  hexagonal  or  pentagonal  plates,  the  apex  beii^ 


;S*s^, 


Fig.  ire— o.  Pcucmfu  Boflf,  of  the  lutnnl  alis  (sftnr  KIlLng") ;  6,  Pairrotiu  jMnwui,  ot 
the  natural  Biza  (kft«r  BilLlngfl) ;  c,  ^ibfTrrwpon0a  Ttuliijlva,  at  the  nAtutftl  iliu  (oltflr  Baiter) ; 
d.  Four  oT  the  integunienUry  pliitiJB  it  Uie  ume,  enlarged ;  (,  Cvci«r(iiM  S;>uMl,  ot  Uic 
natunl  ^le  (oner  Pent,  Roemer);  /,  Put  of  ■  vertical  aectlon  ot  UicHiine:  g.  Part  or  Ui« 
last,  ahowlng  the  structure  ot  the  integument,  eniaijfed ;  *,  Fart  of  the  mguld  of  the  Innm 
■url^ce^  enlarged  ;  i.  Diagram  of  a  vertical  aection  of  ^Jid^dita  fianit,  showing  t^e  form 
of  Uie  bod)'  and  inleguiuentaiy  pUteH.  and  the  euppoaed  peduncle  (origln*]X  All  the 
apecivnen*  are  ftom  the  Bllurian. 

provided  with  an  aperture  and  the  opposite  extremity  with 
a  small  peduncle.  The  plates  themselves  are  cup-like,  of 
considerable  thickness  (fig.  176,  /and  g),  with  an  inward 
central  projection  which  leaves  a  median  pit  in  casts  of  the 
interior  (fig.  176,  A). 

Lastly,  in  Nidulites  (fig.  176,  i)  we  have  ovate,  globular, 
or  pyriform,  hollow  bodies,  which  were  probably  attached 
by  a  pedicle,  and  which  have  an  integument  composed  of 
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closely  approximated  hexagonal  plates.  No  aperture  in  the 
test  haa  been  observed,  and  the  plates  are  deeply  concave, 
each  with  an  inward  projection,  which  leaves  a  correspond- 
ing pit  in  the  cast. 

Various  viewB  have  been  held  aa  to  the  affinities  of  all 
these  bodies,  but  the  most  probable  conjecture,  as  before 
remarked,  is  that  they  are  allied  to  Secgitaeulitee,  and  are 
therefore  large  and  aberrant  forms  of  Bhvarpoda.  They  are 
nearly  related  to  one  another,  and  may  prove  all  to  belong 
to  a  single  generic  type.  All  are  found  in  the  Silurian 
rocks,  and  the  only  one  which  survives  into  the  Devonian 
is  Spfuero^onffia. 

Order  VI. — Blastoidea. 

The  BlaMoidm  or  "  Pentremites"  are  Echinodermaia  in 
which  the  body  is  enclosed  in  an  amiouT  of  closdy-JUtiTig 
caleareous  plates,  and  is  fixed  to  s&me  foreign  object  by  a 
slender  column.  From  the  summit  of  the  calyx  radiate  five 
areas  which  are  ^ooved  longitvdinally,  and  striated  across, 
and  ichick  carry  a  row  of  jointed  pinnulte  on  each  side.  No 
free  arms;  reproductive  organs  contained  within  the  calyx; 
respiratory  apparatus  of  the  type  of  the  hydrospires  of  the 
Cystideans. 

The  Blastoidea  in  many  respects  closely  resemble  the 
Crinoids,  but  are  at  once  separated  from  them  by  the  total 
want  of  free  arms,  as  well  as  by  the  structure  of  the  calyx. 
They  are  also  nearly  allied  to  those  Cystideans  which  have 
a  definitely -constructed  calyx  and  recumbent  arms;  but 
they  are  separated  by  the  peculiar  arrangement  of  the  caly- 
cine  plates,  and  by  the  constant  association  of  the  respiratory 
pores  and  tnbes  ("  hydrospires  ")  with  the  arms. 

Taking  Pentremites  as  the  type  of  the  order,  we  find  the 
body  or  "  calyx  "  to  be  of  a  more  or  less  globose,  ovoid,  or 
pyrifonn  shape,  supported  upon  a  short,  jointed  column,  and 
inclosed  in  an  integument  of  articulated  calcareous  plates, 
which  are  few  in  number,  and  have  a  definite  form  and 
arrangement.  The  lowest  plates  of  the  cup  (figs.  177, 178,  a 
and  b)  are  three  "  basals,"  one  small  and  quadrangular,  the 
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other  two  lai^er  and  pentagonal.  According  to  Lyon  and 
Billings,  each  of  these  three  basals  is  really  composed  of  an 
upper  and  lower  piece  closely  anchylosed  tc^ether.  Above 
the  basals  (b)  come  five  laige  plates  (figs.  177,  178,  d), 
which  are  usually  called  "  radials,"  though  it  is  not  certain 
that  they  correspond  with  the  plates  so  called  in  the  true 
Crinoids.  Each  of  these  "  radid  "  plates  is  rendered  forked 
or  deeply  cleft  by  the  presence  of  a  deep  siaua  or  excavation 
in  its  upper  margin.     This  sinus  encloses  the  lower  portion 


Fig.  in.— Stmcton  of  BLutaldiL  i,  ClJfT  ot  PenlrtmUti,  dlnccted,  i 
(b),  Uie  rorked  "ndlal*"  (d).  ind  the  "deltoid"  plilu  (1).  B,  Bide  Tie 
PtKiTtmUa  <mriniii  —  tba  lett«n  M  beftin.  c,  Bwtkm  bctobb  tbt  alfi  o(  P 
itUplicui,  ihowlng  the  Kspiistoij  tub«l  cat  OMUvflrsely  In  their  eontee  below  the 
pfteud-ambolAorL  d,  Section  acrou  one  of  Qa  pHnd^mbalaml  areas  of  PtniremUta 
lU/TtaiU.  ahowtng  the  canpoDDd  naton  of  the  reaplntor;  tobea,  enlarged.    (Aftsr  QaU 

)IIHlBot&) 

of  a  pseud-ambnlacnim,  and  these  plates,  from  their  shape, 
are  often  spoken  of  simply  as  the  "  forked  plates."  Towards 
the  summit  of  the  calyx  the  adjacent  arms  of  the  fork  of 
each  contiguous  pair  of  "  radial "  plates  are  separated  to 
receive  one  of  a  series  of  much  smaller  rfaomboidal  pieces, 
which  are  thus  five  in  number,  and  are  known  as  the 
"deltoid"  plates  (figs.  177,  178,  i).  Between  the  "del- 
toid "  plates  and  the  forked  ends  of  the  "  radials  "  are  sit- 
uated the  "pseud-ambulacra."  These  (figs.  177,  178,  p) 
are  broad  petaloid  areas  which  pass  in  a  radiating  manner 
from  the  centre  of  the  summit  of  the  calyx  to  its  margins. 
It  is  these  which  give  to  the  summit  of  the  body  its  resem- 
blance to  a  flower-bud,  upon  which  the  name  of  the  order  is 
founded  (Gr.  hlastoa,  a  bud ;  and  eidos,  form).  The  petaloid 
pseud-ambulacra  are  not  particularly  well  named,  as  it  is 
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certain  that  they  represent  a  series  of  five  recumbent  arms 
— essentially  similar  to  the  arms  of  the  Crinoids,  but  im- 
bedded in  the  calycine  integument,  and  modified  for  their 
connection  with  the  respiratory  tubes.     Each  pseud-ambu- 


Saniuilt  of  /Vntrcnlfei  eanoidevs:  b,  b.  Busl<  ;  d.  d,  RBdiiUs:  p,  f,  Pieud-unbulnrra. 
c,  Shuiti  the  oeiitial  |*nliigop»l  aperture,  lurrouiided  by  the  Ave  openings  at  On  summit 
or  the  delt»ld  plates.    CutouLCrrDua. 

lacrum  is  grooved  by  a  median  furro-w,  or  "  ambulacral 
groove,"  is  deeply  striated  transversely,  and,  when  perfect, 
carried  on  each  side  a  series  of  short  jointed  filaments, 
corresponding  with  the  "  pinnule "  of  the  arms  of  the 
Crinoids. 

There  are  two  other  points  as  to  the  calyx  of  the 
Bladoidea  which  require  notice — namely,  the  respiratory 
tubes  and  the  apical  apertures.  As  to  the  first  of  these,  we 
have  seen  that,  in  the  majority  of  the  Cystideans,  the  test  is 
more  or  less  freely  pierced  by  pores,  which  admit  the  sea- 
water  to  a  series  of  delicate  internal  tubes,  or  sacs,  and 
wliich  may  thus  reasonably  be  supposed  to  have  exercised 
a  respiratory  function.     In  some  Cyatoida  these  pores  and 
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theii  internal  tubes  are  connected  with  almost  all  the  plates 
of  the  t«Bt ;  in  other  cases  they  are  restricted  to  a  few 
(generally  three)  definite  and  limited  areas — the  so-called 
"  pectinated  rhombs."  In  the  SUigtoidea  structures  of  an 
esseutially  similar  character  are  found,  but  they  are  now 
wholly  confined  to  the  pseud-ambnlacral  areas,  thus  having 
a  connection  with  the  brachial  system  that  is  entirely  un- 
known among  the  Cystideans.  If  we  examine  the  median 
groove  of  one  of  the  pseud-ambulacra  of  a  Pentremite,  we 
find  that  the  floor  of  this  is  perforated  by  a  series  of  minute 
pores.  These  pores  have  been  shown  by  Eofe  and  Billings 
to  open  into  flat  tubes  which  have  delicate  calcareous  walls, 
and  are  placed  within  the  cavity  of  the  calyx.  As  demon- 
strated by  transverse  sections  of  the  calyx,  the  precise  form 
and  number  of  these  tubes  differ  in  different  species,  though 
their  general  arrangement  and  structure  are  the  same.  In 
some  forms  (fig.  177,  c)  there  are  two  of  these  flattened 
respiratory  tubes  to  each  pseud-amhulacrum,  one  on  each 
side  of  the  ambulacra!  furrow.  Each  tube  is  flattened  ex- 
ternally and  becomes  dilated  towards  its  inner  or  closed 
side ;  and  they  are  not  only  connected  with  the  exterior  by 
the  minute  pores  in  the  ambulacral  furrow,  but  they  slao 
open  in  pairs  by  apical  apertures,  which  will  be  immediately 
described.  In  other  species,  though  there  are  really  only 
two  tubes  to  each  ambulacral  furrow,  each  of  these  two 
becomes  compound  by  a  reduplication  of  its  delicate  wall, 
and  thus  spUts  up  into  secondary  tubes  (fig.  177,  d).  That 
the  system  of  pores  and  internal  tubes  here  described  is 
respiratory  in  function,  and  strictly  homologous  with  the 
system  of  " hydrospires "  or  "pectinated  rhombs"  in  the 
Cystideans  cannot  he  doubted,  though  there  is  here  the 
peculiarity  of  their  being  directly  connected  with  the 
recumbent  arms. 

The  pseud-ambulacral  areas  have  been  treated  above  as 
if  composed  of  a  single  piece  each ;  but  in  reality  each  is 
compound  in  its  nature.  Thus  the  floor  of  the  ambulacral 
furrows  is  formed  by  the  so-called  "  lancet-plates  "  of  Boemer, 
which  generally,  or  always,  are  very  narrow  bifurcate  plates, 
which  start  at  the  centre  of  the  calyx  and  send  a  long  arm 
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down  cont^ous  sides  of  any  given  pair  of  pseud-ambulacra. 
Thus  each  ambnlacial  furrow  is  formed  by  the  junction  of 
the  arms  of  two  "  lancet-plates." 

At  the  aummit  of  the  calyx  of  the  Blastoidea  are  usually 
six  apertures.  One  of  these  is  larger  than  the  others,  and 
is  placed  in  the  centre  of  the  calyx,  at  the  point  towards 
which  the  grooves  of  the  pseud-ambulacra  converge.  This 
centT&l  aperture  has  generally,  and  doubtless  rightly,  been 
r^arded  as  the  mouth,  but  Mr  Billings  dissents  from  this 
view.  The  remaining  five  apertures  (fig.  178,  c)  are  placed 
at  the  summit  of  each  deltoid  plate,  between  two  pseud- 
ambulacra,  and  embraced  each  by  the  fork  of  one  of  the 
lancet-plates.  Four  of  the  apertures  are  equal  in  size,  and 
have  generally  been  regarded  as  "  ovarian ; "  but  they  are 
looked  upon  by  the  above  -  mentioned  eminent  authority 
as  being  connected  with  the  respiratory  system,  and  it  is 
known  that  the  internal  respiratory  tubes  reach  the  surface 
by  all  the  five  smaller  apertures.  The  fifth  is  of  larger 
size  than  the  other  four,  and  is  usually  regarded  as  partly 
ovarian  and  partly  anal ;  but  it  is  looked  upon  by  Mr  BilUngs 
as  "oro-anal." 

Like  the  Cystideans,  the  Blastaidai  are  not  only  extinct,  but 
are  exclusively  Palaeozoic.  The  Cystideans,  however,  attained 
their  maximum  at  a  very  early  period  of  Palteozoic  time ; 
whereas  the  Pentremites  flourished  most  abundantly  in  the 
Carboniferous  seas,  towards  the  close  of  the  Paleeozoic  period. 
The  Cystideans  had  nearly  died  out  before  the  close  of  the 
Upper  Silurian  period ;  and  it  is  a  noteworthy  fact  that  it 
is  just  at  that  point  that  the  Blastoidm  seem  to  make  their 
first  appearance.  Very  sparingly  represented  in  the  Upper 
Silurian  rocks,  the  Blastoidea  increase  largely  in  numbers 
during  the  Devonian  period ;  but  they  attain  their  maximum 
of  development  in  the  seas  of  the  earlier  portion  of  the 
Carboniferous  period.  With  one  problematical  exception, 
no  member  of  the  order  is  known  to  have  survived  the 
close  of  the  Carboniferous  epoch. 

The  number  of  genera  included  in  the  order  Blastoidea  ia 
very  small,  though  there  is  a  considerable  number  of  species, 
and  individuals  are  often  very  abundant  in  particular  strata. 
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The  genus  Pentremitea^  itself  (fig.  179,  o  and  b)  is  much 
the  most  important,  but  as  its  structure  has  been  taken  as 
typical  of  that  of  the  entire  order,  nothing  further  need  be 
said  on  this  head  here.  The  species  of  the  genus  range  from 
the  Upper  Silurian  (P.  Rkeimoardtii,  Troost)  to  the  Carbon- 
iferous, but  they  attain  their  maximum  in  the  latter  period, 
and  are  not  known  in  any  higher  deposits.  Very  nearly 
allied  to  Pentrem'Uesi&  the  genus  Nudeocrinua  (=  Sleacritius, 
Eoemer),  which  differs  from  the  former  chiefly  in  the  fact 
that  one  of  the  deltoid  plates  is  split  into  two  by  the  inter- 
calation of  a  supplementary  anal  plate,  and  by  the  compara- 
tively small  size  of  the  forked  "  radials  "  and  the  eorrespond- 


Bg.  179.— Morjibologj  of  BlmlnlilM.  a,  PaUrwilla  jvrifiirKit,  v 

AuibulflcnU  jireaa  and  the  apical  apertnrea;  c.  Side  vipw  df 

SuiumllQf  Cni«ntorri»i«7<f[ilKlw.   (Figs,  o  and  i  are  of  the  natuml  liM ;  c  snd  d  are  illgliOr 

enlai^ged.)   (.^rier  Hall,  and  Hunk  and  WortliaD.) 

ingly  increased  length  of  the  "  deltoids."  The  genus  is  char- 
acteristically Devonian,  but  extends  into  the  Carboniferous. 
Granatocriiius,  again  (fig.  179,  c  and  d),  ia  intermediate  as 
regards  the  relative  size  of  its  "  radials "  and  "  deltoids " 
between  Pcntremitea  and  Nudeocrinus,  and  it  is  peculiar  in 
havii^  the  pseud-ambulacra  very  narrow,  and  so  greatly 
elongated  as  almost  to  divide  each  radial  plate  into  two 
pieces.  The  genus  is  confined  to  the  Carboniferous  rocks. 
Lastly,  we  may  provisionally  place  in  the  Blastoidm  the 
extraordinary  genus  Astrocriniles,  of  the  Carboniferous  rocks, 
which  agrees  with  Pentremites  in  general  form  and  structure, 

>  The  generic  name  has  been  often,  btit  uanecessarilj ,  changed,  npon  philo- 
logical grouada,  to  Pnlalremiles  or  Penlatremaiitet. 
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but  differs  from  all  known  genera  of  this  order  in  having 
only  fmtT  pseud-ambulacral  areaa,  in  having  been  free  and 
not  provided  with  any  peduncle,  and  in  having  the  calycine 
plates  ornamented  with  pronunent  tubercles. 

OeDEK   VII. — HOLOTHDKOmEA. 

The  last  order  of  the  Schinodermaia  is  that  of  the  Holo- 
thurians  or  "  Sea-cucumbers,"  in  which  the  body  is  vermiform 
or  dug-skaped,  and  the  calcareous  matter  seerded  by  the  integu- 
ment is  reduced  to  scattered  spicules  (Synapta),  or  rarely  is  pres- 
ent in  the  form  of  imhrieated  scales  (Psolus). 

As  might  have  been  expected  from  the  generally  soft 
natui-e  of  their  int^uments,  the  Holothuroids  are  hardly 
known  as  fossils,  and  they  merely  require  to  be  mentioned 
here.  The  only  remains  referred  with  any  probability  to 
this  order  are  certain  calcareous  spicula  which  have  been 
.  found  in  deposits  as  old  as  the  Carboniferous,  and  also  in 
strata  of  both  Mesozoic  and  Tertiary  age,  and  which  have 
been  regarded  as  belonging  to  forms  related  to  Synapta,  while 
the  shield  of  a  species  of  Psolus  has  been  found  in  Post-Ter- 
tiary deposits  in  Bute. 

It  seems  very  probable,  however,  that  the  more  universal 
use  of  the  microscope  by  palEeontological  observers  will  re- 
sult in  the  discovery  of  the  anchor-shaped  spicules  and 
wheels  of  the  Synaptidm  in  all  the  more  modem,  at  any  rate, 
of  the  formations  which  compose  the  crust  of  the  earth. 
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CHAPTER    XVI. 


sub-kingdom  iv.—annulosa. 

Fossil  Annelida. 

Sub-kingdom  Annulosa, — The  Aniiuloae  animals  are  dis- 
tinguished by  the  possession  of  a  body  which  is  composed  of 
nuTnertms  segments  arraiiged  l<mgiivdincdly  one  behind  the  ot/ier. 
A  nervous  system  is  olivays  present,  and  coTisists  of  a  double 
chain  of  ganglia  running  aloTig  the  ventral  surface  of  the  body 
and  traversed  anteriarly  by  the  gvlld.  The  limbs  (when  present) 
are  turned  towards  tltat  side  of  the  body  upon  which  the  chief 
mrosses  of  the  nervous  system  are  situated. 

The  sub  -  kingdom  Annulosa  may  be  divided  into  two 
primary  sections,  according  as  the  body  is  provided  with 
articulated  appendages  or  not ;  these  divisions  being  known 
respectively  as  the  Arthropoda  (or  Articulata)  and  Anarthro- 
poda.  The  fii-st  of  these  comprises  the.  Crabs,  Lobsters,  and 
the  like  {CriLslaced),  the  Spiders  and  Scorpions  (Arachnida), 
the  Centipedes  and  Millipedes  (Myriapoda),  and  the  true 
Insects  (Insecta).  The  latter  comprises  the  Spoon-wtirras 
(Gephyrea),  the  Arrow-worms  {Cht^ognatha),  the  Leeches 
{Hirudinea),  the  Earth-worms  (Oligochceta),  the  Tube-worms 
(Tubicola),  and  the  Sand-worms  or  Sea-worma  {ErrarUia) ; 
the  last  four  groups  constituting  the  class  of  the  Binged 
Worms  or  Annelida. 

Eegarded  as  a  whole,  the  great  Aunulose  sub^kingdom 
seems  to  have  commenced  at  least  as  early  as  the  Echinoder- 
mata  and  the  CtdeiUer<Ua.     Both  the  Anarthropodous  and 
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Artliiopodous  divisions  of  the  sub-kingdom  are  represented 
ia  the  Upper  Cambri&n;  and  the  former,  at  any  rate,  is 
represented  in  the  Lower  Cambrian  period,  along  with  the 
earliest  traces  of  life  known  to  us,  except  the  Sozoon  of  the 
Laurentian  Series. 

Ankeuda. 

In  the  Anarthropodous  division  of  the  Annulosa  the  loco- 
motive appends^s  are  never  distinctly  jointed  or  articulated 
to  the  body ;  and  the  integument,  though  usually  capable  of 
secreting  chitine  or  homy  matter,  is  almost  always  quite  soft 
and  flexible.  The  Spoon-worms  {Gephyrea),  the  Arrow-worms 
(C/ue(offnaiha),  and  two  orders  of  the  Annelides  (viz.,  the 
Leeches  and  the  Earth-worms),  are  wholly  unknown  in  the 
fossil  condition,  and  need  not  be  considered  here.  There 
remain  only  two  orders  of  the  Annelides  (viz.,  the  Tube- 
worms  or  Tuhicola,  and  the  Sand-worms  or  Errantia)  which 
come  \mder  the  observation  of  the  paleontologist,  and  neither 
of  these  requires  much  notice.  In  both  orders,  as  through- 
out the  division,  the  integument  is  more  or  less  soft,  and 
there  are  no  internal  hard  structures,  except,  oceasionally, 
homy  jaws ;  hence  it  is  doubtful  if  we  have  any  example 
of  the  fossilised  body  of  these  creatures,  though  such  have 
been  alleged  to  occur.  The  Tubicolous  Annelides,  however, 
protect  themselves  by  a  tube  of  lime,  sand,  or  adventitious 
particles,  and  these  investing  tubes  are  often  preserved  in 
the  fossil  condition.  The  Errant  Annelides,  again,  besides 
their  fossilised  jaws,  have  left  numerous  traces  of  their  pa.st 
existence  in  the  form  of  filled-up  burrows  or  meandering  trails 
upon  the  soft  sand  and  mud  of  the  sea-bottom ;  and  from 
these  we  know  that  the  Annelides  commenced  their  existence 
at  least  as  early  as  the  Lower  Cambrian  period,  obscure  traces 
of  their  presence  having  been  even  detected  in  the  Lauren- 
tian Series. 

Order  Tubicola. — The  Tuhicolous  Annelides  are  distin- 
guished by  the  fact  that  the  body  i.i  pi-otected  hy  a  tube,  leilhin 
which  th£  animal  can  withdraw  itself  by  means  of  tufia  of 
bridles  carried  on  the  sides  of  the  body.      The  gills  are  placed 
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Oil  or  near  the  head,  generally  in  tvm  lateral  tufts ;  hence  the 
name  of  "  Cephalobranchiate  Annelides"  applied  to  this  order 
(%.  180). 

The  protecting  tube  of  the  Tubicolous  Annelides  may  be 
composed  of  carbonate  of  lime  (Serpula),  of  grains  of  sand 
{Sahellaria),  or  of  sand,  pieces  of 
shell,  and  other  adventitious  par- 
ticles cemented  together  by  a 
glutinous  seci-etion  from  the  body 
{Terd)ella) ;  or  it  may  be  simply 
membranaceous  or  leathery  {Sa- 
bella).  Sometimes  the  tube  is 
free  and  non  -  adherent  {^Pectin- 
aria)  ;  more  commonly  it  is  at- 
'iacjv         I'^  tached  to  some  submarine  object 

'Nt-*'  y  by  its  apex  or  by  one  side  {Ser- 

pula and  Spirorbis).  Sometimes 
the  tube  is  single  {Spirorbis) ; 
sometimes  the  animal  is  social, 
and  the  tubes  are  clustered  blether  in  lai^r  or  smaller 
masses  {Sahellaria). 

When  the  tube  is  calcareous,  it  presents  certain  resem- 
blances to  the  shells  of  some  of  the  Molluscs,  such  as  Vermetus 
and  Dentalium.  In  the  living  state  it  is  easy  to  make  a  dis- 
tinction between  these,  for  the  Tubicolar  Annelides  are  in 
no  way  organically  attached  to  their  tubes,  whereas  the  Mol- 
luscs are  always  attached  to  their  shell  by  proper  muscles. 
In  the  fossil  condition,  however,  it  may  be  very  difficult  to 
refer  a  given  calcareous  tube  to  its  proper  place.  As  a 
general  rule,  however,  the  calcareous  tubes  of  Annelides, 
such  as  Serpula,  are  less  regular  and  symmetrical  than  those 
of  Vermetus,  whilst  the  latter  is  partitioned  by  shelly  septa, 
which  do  not  exist  in  the  former.  Again,  the  tube  of  Den- 
talium is  open  at  both  ends,  whereas  it  is  closed  at  one 
extremity  in  the  Serpidoe.  In  the  Annelidous  genus  Ditrupa, 
however,  the  tube  is  open  at  both  ends,  so  that  this  distinc- 
tion is  one  not  universally  applicable. 

Tubicolar  Annelides  are  known  from  the  Silurian  rocks 
upwards,  almost  every  great  period  having  representatives  of 
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tlie  order,  though  many  of  the  foaaila  referred  to  thia  group 
are  of  a  more  or  leas  pToblematical  nature.  The  genus 
Spirorhis  has  survived  from  the  Upper  Silurian  period  to  the 
present  day  ;  and  forms  very  nearly  allied  to,  if  not  actually 
identical  with,  the  recent  Serpukc,  are  found  in  almost  all 
formations,  beginning  with  the  Silurian. 

The  chief  Palaeozoic  genera  of  Tuhicda  are  Comvlitts, 
CoTKhwolites,  Ortonia,  Serpulites,  Trachyderma,  Spintrbis  {Mic- 
roconckus),  and  Serpula.  The 
genus  ComvlUea  (fig.  181) 
is  Silurian,  and  the  beat 
known  species  ia  C.  serpu- 
larius'  In  this  singular 
form  the  tube  ia  of  conaider- 
able  length — oilen  three  or 
four  inches — with  a  wide 
aperture  at  one  end,  and 
tapering  gradually  to  its 
opposite  extremity,  which 
ia  often  curved,  and  seems 
to  have  been  attached  to 
some  solid  body.     The  tube    „^- ^^■-'^Tf^  TT^'^"-    ^^ 

•>  Silurlu.     The  right-lmiid  Hgun  repTCHnU  i 

la     calcareous,     with    very    cwt  q(  ite  tube.  (Orfginii.) 
thick   walla,  the   aubstance 

of  which  is  composed  of  a  number  of  cellular  cavities.  Exter- 
nally the  tube  is  ringed  with  transverse  annulations,  and 
marked  with  fine  longitudinal  striee.  The  internal  cast  of 
the  tube  haa  the  form  of  a  series  of  inverted  conical  rings,  of 
small  width,  arranged  in  an  imbricated  manner.  The  tube 
appeare  to  have  been  solitary,  and  is  rarely  found  attached. 
The  microscopic  structure  of  the  thick  wall  of  Comuliie»  is 
very  peculiar,  and  exhibits  a  thin  outer  laminated  layer 
and  a  delicate  internal  wall,  the  space  between  these  being 
divided  into  small  lenticular  compartments  or  cells  by  means 
of  curved  calcareous  septa.  So  peculiar  is  this  structure, 
that  it  raises  some  doubt  aa  to  the  true  nature  and  affinities 
of  Comulites. 

In    the  genus  Con<MeolUes  (fig.   182)  we  have  a  much 
smaller  AnneUde,  living  socially,   and  forming   masses  of 
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clustered   tubes  growing  attached  to  dead  shells  in  Lower 

Silurian  strata.      As  in   Comvlites,  the  tube  of  Conckicoliies 

appears  to  have  been  calcareous,  but  it  is  comparatively  thin, 

and  has  none  of  the  vesicular 

structure  so  characteristic  of 

the    former.       The    tube    of 

C3     ConckicolUes  ia  made  up  of  a 

H     series  of  short  conical  rings, 

y     inserted  into  one  another  in 

y      an  imbricated  manner,  with 

their    broader    ends    turned 

away  from  the  mouth  of  the 

tube.     It  is  worthy  of  notice 

that  the  casts  of  Conchicolites, 

Ftg.  Isa-ConMiojIim  grtgaHv,  grovrfng      from    their   pOSSBSSion  of   the 
upon   the  Ibell   of  U)  OrOuxmi.      Lower  '^ 

GUuriaii.  (Original.)  above    Structure,    exhibit    a 

close  resemblance  to  the 
shells  of  the  Silurian  genua  TerUcwvlites;  whilst  casts  of 
the  shells  of  some  species  of  the  latter  are  absolutely  un- 
distinguishable,  if  fragmentary,  from  casts  of  the  tubes  of 
the  former.  Tbia  is  a  remarkable  fact,  aince  Tentaeulites 
has  often  been  regarded  aa  a  genus  of  Tubicolar  Annelides ; 
but  there  are  strong  reasons  for  believing  that  it  ia  truly 
referable  to  the  Mollusca,  and  belongs  to  the  order  of  the 
Ptcropods. 

Another  remarkable  genua  is  Ortonia  (fig.  183),  which 
ranges  from  the  Silurian  to  the  Carboniferous.  In  this  genus 
the  tube  is  calcareoua,  and  is  adherent  along  one  side  to  a 
sheU,  coral,  or  other  foreign  body.  By  this  fact,  it  is  dis- 
tinguished from  Conchicolites,  which  ia  only  attached  by  the 
ha&e  of  the  tube,  and  is  otherwise  free.  Moreover,  in  the 
latter  the  tubea  are  clustered  and  gregarious,  whereas  those 
of  Ortonia,  though  frequently  found  in  numbers  attached  to 
the  same  shell,  are  always  individually  qiute  separate.  The 
tubes  of  Ortonia  (fig.  183,  B)  are  conical  in  shape,  straight  or 
slightly  curved,  ringed  with  imbricating  annulations,  and 
either  compact  or  exhibiting  an  apparent  development  of 
a  cellular  structure  on  the  free  surface,  similar  to  that  pres- 
ent in  Comulites.      Though  with  a  wide  geological  range. 
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the  genus  seema  to  be  most  sbundant  in  the  Lower  Silurian 
(Cincinnati  group)  of  North  America,  and  in  the  Wenlocb 
Limestone  (Upper  Silurian)  of  Britain. 

The  genua  Serpulites  was  instituted  by  Murchison  for 
certain  smooth  semi-calcareous  tubes,  often  of  great  length. 


and  apparently  unattached,  which  occur  in  the  Silurian  series. 
These  tubes  in  some  species  reach  a  length  of  over  a  foot, 
with  a  diameter  of  an  inch,  and  their  true  nature  is  very 
doubtfuL  The  genus  Trachyderma,  ^ain,  was  proposed  by 
Phillips  for  the  casts  of  membranous  flexible  tubes  which 
are  found  in  the  Silurian  rocks.  These  are  transversely 
wrinkled  or  plaited,  aud  though  the  tube  itself  has  disap- 
peared, there  can  be  little  doubt  entertained  as  to  their 
Annelidous  nature. 

The  genus  Spirorhis  (figs.  184-186)  is  characterised  by  the 
possessipn  of  a  shelly  calcareous  tube,  which  is  coiled  into 
a  flat  spiral,  one  side  of  wliich  is  cemented  to  some  foreign 
body.  The  spiral  may  be  either  right-handed  or  left-handed, 
and  the  shell  generally  occurs  in  numbers  together,  attached 
to  dead  shells  or  to  the  remains  of  plants.  The  genus  com- 
mences to  be  represented  in  the  Upper  Silurian  rocks,  in 
which  S.  Levnsii  is  an  abundant  fossil.  Other  species  occur 
in  the  Devonian,  often  in  considerable  abundance,  attached 
to  the  shells  of  Molluscs  or  the  exterior  of  corals  (figs.  184, 
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185) ;  and  similar  forms  are  found  in  the  Carboniferoua.  The 
Spirorbis  carboTiarius  (fig.  18fi)  of  the  latter  formation  ia  an 
abundant  and  well-known  type,  and  is  remarkable  for  being 
not  uncommonly  found  attached  to  the  exterior  of  fossil 
land-plants,  which  leads  to  the  belief  that  it  must  have  lived 
plentifully  in  the  salt-marshes  of  the  Carboniferous  coasts. 


Ltunl  iLn  Slid  «nlii^ :  c,  like  ■ 
'--    ■---iaiL    (OriginiiL) 


Other  species  have  been  described  from  the  Permian,  and 
the  genus  continues  to  be  well  represented  in  both  Mesozoic 
and  Tertiary  deposits ;  while  living  forms,  apparently  little 
different  from  the  fossil  ones,  abound  in  recent  seas. 

Tlie  genus  Serpula  (fig.  187)  possesses  a  long  shelly  tube, 
usually  more  or  less  tortuous,  sometimes  solitary,  sometimes 
aggregated,  and  fixed  to  some  foreign  body  by  part  of  its 
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surface.  Species  of  this  genus  have  been  described  from  the 
Upper  Silurian,  Devonian,  and  Carboniferous  *  formations. 
In  the  Trias  some  speciea  occur,  and  many  forms  are  known 
from  the  Oolitic  and  Cretaceous  formations,  whilst  they  are 
equally  numerous  in  the  Tertiary  series. 

Very  nearly  allied  to  Serjmla,  and  probably  hardly,  if  at 
all  distinguishable  in  the  fossil  condition,  are  the  genera 
FUograTui  and  Vermilia.     Taking  these  three  genera  together, 
the  occurrence  of  Tubicolar 
Annelides  of  this  particular 
type  in  past  time  must  be 
said  to   be  fairly  frequent, 
though  remains  of  this  na- 
ture are  naturally  more  nu- 
merous   in    Mesozoic    and 
Kainozoic  strata  than  in  de- 
posits of  Palceozoic  age. 

Of  the  other  fossils  re- 
ferred to  the  Tubicolar  An- 
nelides, the  only  one  which 
needs  notice  is  the  genus 
Ditrupa.  The  tube  in  this 
geniis  is  unattached,  open 
at  both  extremities,  and  very 
closely  resembling  the  shell 
of  a  Dentcdium.    This  genus 

does  not  seem  to  have  come       "«■  "'-^^^JSiJ^;;*-  """""^  """ 
into  existence  till  the  close 

of  the  Cretaceous  period ;  but  it  is  found  in  great  abun- 
dance in  the  London  Clay  (Eocene)  and  the  Crag  (Pliocene). 

Ordeh  Errantia. — The  Errant  Annelides  are  character- 
ised by  the  fact  that  the  hody  ia  covered  vnlh  lateral  lid>ercles 
carrying  tufts  of  bristles.  The  animal  (fig.  188)  leads  a  free 
life,  arid  is  not  confined  to  a  tube.  The  gills  are  ^aeed  along 
the  back  or  sides  of  the  body ;  hence  the  name  of  "  Dorsi^rran- 
chiate  Annelides"  often  ajjplied  to  this  order. 

'  The  Strpula  paralhla  at  M'Coy,  oF  t)ie  Cartraniferons  rocks,  is  unw  known 
t«bere»U]r  tbeailicfl[>iis"rope"  ot  tSpooge  {SyaUmema). 
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The  only  fossils  which  can  be  asserted  positively  to  be 
actually  portions  of  the  bodies  of  Errant  Annelides  are  the 
minute  petrifactions  representing  the  horny  jaws  of  Sea- 
worma,  resembling  in  general  form  and  structure  the  jaws 


,"  in  JM  living  condlUoD. 

of  the  living  Nereids.  Fossil  jaws  of  this  nature  have  been 
described  from  the  Lower  Silurian  under  the  name  of  Nerci- 
davus  (Grinnell),  and  Mr  George  Jennings  Hinde  has  de- 
tected various  forms  of  these  bodies  in  the  Silurian,  Devo- 
nian, and  Carboniferous  formations. 

Apart  from  the  jaws,  the  integument  of  the  Errant  Anne- 
lides always  secretes  chitinous  matter  to  a  certain  extent,  but 
in  no  case  does  this  go  so  far  as  to  give  rise  to  a  regular  and 
resistant  exoskeleton.  There  ia,  therefore,  no  ground  for 
surprise  if  we  should  be  unable  to  point  to  any  fossils  which 
can  be  properly  regarded  as  the  petrified  bodies  of  these 
animals.    It  is  true  that  palieontologists  have  often  described 
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fossil  remGtina  (such  as  Nereites  and  Pkyllodoeitea)  as  heing  or 
this  nature ;  but  no  structure  has  ever  been  detected  in  the 
bodies  in  question ;  and  till  some  adequate  explanation  can 
be  given  of  the  process  by  which  it  is  possible  for  the  soft 
body  of  an  Annelide,  lying  on  the  shore  or  in  shallow  water, 
to  be  replaced  by  an  accuTat«  uiould  in  mud  or  sand,  it  is 
best  to  believe  that  these  fossils  are  really  of  the  nature  of 
"  tracks."  Very  numerous  remains  which  have  been  referred 
to  Errant  Annelides  have  been  noted  as  occurring  throughout 
the  entire  geological  aeries,  wherever  we  meet  with  muddy 
or  sandy  deposits  ;  but  the  true  nature  of  many  of  these  is 
still  in  the  highest  degree  uncertain.  Some  are,  perhaps, 
really  inferable  to  the  vegetable  kingdom ;  others  are  almost 
certainly  formed  by  Molluscs,  or  by  Crustaceans ;  others  are 
of  entirely  dubious  afiinities ;  while  others  are,  doubtless, 
really  due  to  the  operation  of  Errant  Annelides.  It  may  be 
added  that  the  fossil  remains  which  have  been  referred  to 
Nemertean  Worms  cannot  at  present  be  separated,  in  any 
satisfactory  manner,  from  those  formed  by  Errant  Annelides. 
Thus  the  so-called  NemertUes  of  the  Silurian  is  just  as  likely 
to  be  Annelidan  as  Keniertean,  and  the  nature  of  the  Legno- 
de^nvs  of  the  Solenhofen  Slates  is  wholly  problematicaL  In 
fact,  the  entire  subject  of  the  remains  of  fossil  En-ant  Anne- 
lides is  one  of  the  most  obscure  and  difficult  with  which  the 
palceontolc^ist  is  called  upon  to  deal ;  and  all  that  can  be 
done  here  is  to  glance  at  some  of  the  leading  points  of  in- 
terest connected  with  it,  under  the  following  heads : — 

I.  Swrrmvs  0/  Hahitaiion. — ^Various  living  AnneUdes  live 
buried  in  the  sand  or  mud,  between  tide-marks  or  in  shallow 
water,  and  communicate  with  the  surface  by  means  of  a 
perpendicular  shaft  or  burrow.  Such  shafts  may,  for  con- 
venience' sake,  be  termed  "  burrows  of  habitation,"  though 
the  animal  forms  a  fresh  one  at  will,  as  it  moves  from  one 
spot  to  another ;  and,  as  a  matter  of  course,  they  run  in  a 
direction  more  or  less  opposed  to  the  surfaces  of  the  lamina; 
of  the  rock,  being  often  quit«  vertical.  Sometimes  such 
burrows  are  hollow,  but  they  are  more  commonly  filled  up 
by  the  matrix  of  the  took.  The  most  important  genera 
which  have  been  founded  upon  remains  of  this  kind  are 
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Seoliikus,  Hiiiwderma,  and  Arenicolites,  all  of  which  occur 
in  rocks  of  Cambrian  or  Silurian  age.  Scotithvs  ie  founded 
upon  long  burrows,  which  are  nearly  straight,  and  descend 
vertically  through  the  rock  (fig.  189).  They  often  become 
somewhat  widened  out  superiorly,  and  are  generally  found 
in  great  numbers  together.  They  occur  abundantly  in  the 
Potsdam  Sandstone  (Upper  Cambrian),  and  Clinton  forma- 
tion (Upper  Silurian)  of  North  America,  and  also  in  the 
hard  sandstones  of  the  Stiper  Stones  in  Shropshire  (Upper 
Cambrian).     They  have  been  supposed  to  have  been  formed 


m  SiodBtoiM  (Upper 


by  sea-weeds,  but  there  is  little  doubt  that  they  are  truly 
the  burrows  of  Annelidea.  The  somewhat  problematical 
fossil  upon  which  the  genus  Hiatioderma  is  founded  is  de- 
scribed as  a  curved  burrow,  from  one  to 
nearly  four  inches  in  length,  terminating  in 
a  trumpet-shaped  opening,  which  is  placed 
in  the  centre  of  a  small  mound.  The  genus 
ArenkolUes,  again  (fig.  190),  includes  small 
double  burrows,  which  form  loops,  shaped 
like  the  letter  U,  opening  on  the  surface 
by  two  apertures  placed  close  to  one  another. 
The  mouths  of  these  burrows  are  thus  placed 
in  pairs,  one  orifice  being  supposed  to  be  an  aperture  of 
entrance  for  the  worm,  and  the  other  one  of  exit.     Burrows 


mynd  (Lower  Cuu- 
briu). 
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of  thia  nature  occar  abundantly  in  the  Lover  Cambrian 
strata  of  the  Longmynd,  and  are  also  far  from  uncommon 
in  deposits  of  Silurian  age. 

II.  WanderiTiff  Burrows. — Various  recent  Anuelide3,  among 
vhich  the  common  Lug-worm  (Arenicola  pixaiorum)  is  a 
notable  example,  form  long,  wandering,  irregular,  and  tortu- 
ous tunnels  in  the  sand  of  the  sea-shore,  at  a  little  distance 
below  the  suri'ace.  In  these  cases  the  worm  subsists  upon 
pari;icle8  of  oigonic  matter  disseminated  throi^h  the  sand 
or  mud,  through  which,  therefore,  it  literally  eats  its  way. 
The  burrows  thus  formed  are,  consequently,  very  irregular ; 
they  principally  have  a  horizontal  direction ;  if  formed  by 
many  Individuals,  they  may  cross  or  intersect  one  another  in 
various  ways ;  and  as  the  worm  proceeds  on  its  course,  they 
become  filled  up  in  the  rear  of  the  advancing  animal  by  the 
sand  which  has  been  passed  through  the  alimentary  canal, 
some  of  this  sand  being  often  voided  at  some  point  at  the 
surface  to  form  the  tortuous  "  worm-casts,"  with  wliich  every 
wanderer  on  the  sea-shore  is  so  familiar.  Bodies  which  we 
may  reasonably  assume  to  be  of  essentially  the  same  nature 
as  the  filled  up  "  wandering  burrows "  of  worms  like  the 
living  Li^-worm,  are  well  known  to  all  workers  amongst 
the  more  ancient,  muddy,  and  sandy  strata  of  the  earth's 
crust,  and  they  have  received  various  names,  and  have  had 
very  various  origins  ascribed  to  them.  They  usually  present 
thetoselves  as  irregularly  cylindrical,  worm-like  elevations  of 
the  surfaces  of  the  strata  (fig.  191),  which  usually  are  more 
or  less  parallel  with  the  lamiuie  of  deposition,  but  often  run 
somewhat  obliquely  to  these,  so  as  to  thread  successive  laminie 
to  one  another.  Grenerally,  they  differ  slightly  in  texture 
and  colour  from  the  surrounding  rock — as  can  well  be 
supposed,  if  their  origin  be  as  above  described — and  from 
their  somewhat  superior  hardness,  they  resist  disint^ration 
by  weathering,  and  thus  come  to  stand  out  prominently 
above  the  surface.  Though  they  may  be  much  matted 
together,  and  may  thus  appear  to  branch,  it  is  not  probable 
that  they  really  subdivide.  It  would  appear  that  many  of 
the  fossils  of  the  Palseozoic  rocks  which  have  been  referred 
to  the  Fuooids,  under  the  generic  titles  Falteochorda,  Palceo- 
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phycua,  &c,,  are  really  the  filled-up  burrows  of  wandering 
marine  worms,  and  all  such  remains  may  at  present  be 
grouped  together  under  the  common  name  of  Planditea.  At 
the  same  time,  some  fossils  of  a  similar  general  appearance 
and  occurring  in  similar  strata  {Cnudana,  for  example)  may 
really  be  of  vegetable  origin,  and  these  will  be  briefly  noticed 
later  on. 

The  fossils  known  as   Lumbricaria,  so  abundant  in  the 
Solenhofen  slates  (Jurassic),  have,  again,  been  generally  re- 


gai^led  aa  casts  of  the  alimentary  canal — true  "  worm-casts  " 
in  fact — of  marine  worms ;  and  certainly  they  present  every 
appearance  of  these.  They  are  stated,  however,  to  consist 
commonly  of  crydalline  carbonate  of  lime,  and  this  would 
render  their  true  nature  doubtfuL 

III.  Trails  and  Tracks.- — ^Lastly,  we  have  to  deal  with  a 
great  group  of  fossils  which  have  been  supposed  to  be  of  the 
nature  of  the  "  trails  "  of  Errant  Annelides — that  is  to  say, 
markings  formed  by  the  animal  dr^gmg  its  soft  body  over 
the  surface  of  wet  sand  or  mud,  between  tide-marks  or  in 
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shallow  water.  Markinga  of  this  nature  are  extremely  abun- 
daat  in  many  of  the  older  rocks,  and  in  many  cases  no 
doubt  can  be  entertained  as  to  their  being  really  the  tracks 
of  Bome  marine  animaL  Even  in  these  cases,  however,  it  is 
at  present  impossible,  in  the  majority  of  instances,  to  dis- 
criminate between  the  trails  produced  by  Annelides  and 
those  formed  by  Univalve  Molluscs.  There  are,  nevertheless, 
certain  tracks  which  we  may  fairly  assert  to  be  Annelidan. 
This  is  especially  true  of  the  Silurian  fossils  upon  which  the 
genera  T^erettee  (Rg.  192,  a)  and  Phyllododtes  (fig.  192,  a) 
have  been  founded.  In  these  cases  we  have  long,  sinuous, 
and  often  sharply-bent  impressions  on  the  surfoces  of  the 
strata,  which  consist  of  a  central,  broader  or  narrower  axis, 
representing  the  body  of  the  worm,  and  of  a  series  of  lateral, 
more  or  less  leaf-like  markings,  representing  the  foot-tuber- 
cles. These  tracks,  and  others  like  them,  have  commonly 
been  supposed  to  represent  the  actual  hody  of  the  Annelide, 
now  replaced  by  mud;  but,  as  before  remarked,  it  is  very 
difficult  to  conceive  of  such  a  replacement,  and  it  is  more 
likely  that  we  have  simply  the  trail  of  the  animal  formed  by 
its  serpentine  wandering  over  the  surface  of  soft  mud. 

Another  fossil,  which  is  extremely  abundant  in  the  Silu- 
rian rocks  of  some  localities,  and  which  has  generally  been 
supposed  to  be. the  track  of  an  Annelide,  is  Myrianites.  In 
ordinary  specimens  of  this  genus  (fig.  192,  c)  all  that  is  seen 
is  that  the  surfaces  of  the  strata  are  marked  by  winding  and 
tortuous  linear  impressions,  of  extremely  small  comparative 
width,  and  easily  recognisable  from  the  matrix  by  their 
darker  colour  and  slightly  different  texture.  These  mean- 
dering markings  wind  over  the  surface  of  the  stone  in  in- 
definite undulations,  often  appearing  to  cross  one  another ; 
and  no  one,  looking  at  such  a  specimen,  would  be  inclined 
to  doubt  that  he  had  to  deal  with  the  trails  left  upon  the 
mud  of  the  sea-shore  by  some  soft-bodied  marine  animals, 
though  he  might  question  if  these  could  be  Annelides.  Other 
specimens,  however,  of  the  some  fossil,  which  have  been 
carefully  examined  by  the  author,  prove  conclusively  that, 
in  spite  of  appearances,  Myrianiies  is  not  only  not  Annelidan 
in  its  nature,  but  that  it  cannot  possibly  be  the  tTock  of 
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any  animal  \vhatever.     It  can  be  shown,  in  fact,  that  the 
narrow  serpentine  miirkings  upon  the  surface  of  the  stone, 


Fig.  IM.— 1,  A  unall  portion  of  the  tnll  nf  Fhi/W<doeUti  Jadtxmi,  Itom  the  StlnrUn  ilitf  ■ 
nl  WiirtitMch,  of  the  natiml  dM  (iflfr  Gelnltt);  b.  Small  paitloti  or  th«  Inll  of  Ntrtila 
LoamUU,  ttom  the  unu  loultty.  nininl  ilie  (Bfter  G^nlli);  c,  FTagiii«nt  of  s  lUb.  tfaow. 
tag  JtfirrtaRiIrj  linuii.  trom  the  Bltnitui  aUtcs  of  Thonillei!.  PeebWishin.  "T  th«  utDnl  liie. 
ThP  «l»b  hu  iplit  »t  dilTMent  lewlj  In  dWwent  paM.  imd  the  foMll  li  Men  to  eiil  vwHally 
ten—  the  lunlnn  of  depoalUon,  the  lurfKei  thiu  formed  helm  cnncntrlullr  itrilt«d. 
(Original.) 

■wliich  are  universally  understood  under  the  name  Myrianttes, 
are  really  the  cut  edgti  of  thin  vertical  laminar  expansions, 
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siniuyudy  folded,  and  seen  in  h&rkojUal  section.  In  fig.  192, 
c,  a  portion  of  one  of  the  specimens  referred  to  is  figured, 
from  which  it  will  be  seen  that  the  fossil  cuis  directly  across 
the  lamina  of  deposition,  its  actual  surface  (where  exposed  by, 
exfoliation  of  a  part  of  the  slab)  being  marked  with  concen- 
tric striae.  It  is  therefore  quite  clear  that  MyriAn-Ues  was 
really  a  thin  erect,  folded,  leaf-like  expansion,  of  some  kind 
or  another,  and  that  what  palaeontologists  have  described 
under  this  name  is  only  the  horizont^y-cut  edge  of  this 
expansion  as  seen  on  the  surface  of  the  stratum.  What 
Myrianites  really  is,  is  quite  an  open  question.  It  is,  per- 
haps, a  peculiar  form  of  Fucoid.  That  it  is  not  Annelidan 
seems  perfectly  certain. 

Another  fossil  which  has  generally  been  regarded  as  refer- 
able to  the  Errant  Annelides  is  the  Crossopodia  of  M'Coy 
(fig.  193),  also  very  abundant  in  certain  Silurian  strata.     In 


Fig.  19a.— Oouojittilo  Scoltan.  ■  <uwio»il  AnuElido  track,    atluriim.    (AKtr  M'Coy.) 

this  fossil  there  is  a  central  umtow  groove,  which  winds  in 
serpentine  bends  over  the  surface  of  the  stone,  and  is  sup- 
posed to  represent  the  body  of  the  animal,  bounded  on  each 
side  by  a  broader  and  generally  ill-defined  space,  supposed 
to  represent  the  foot-tnbercles.  That  Crossopodia,  however, 
should  be  the  petrified  body  of  an  Errant  Annelide  seems 
almost  incredible,  and  that  it  is  even  the  track  of  one  of 
these  creatures  is  extremely  improbable.     In  well-preserved 
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Specimens  of  any  size,  the  impressions  known  under  this 
name  are  seen  to  wind  backwards  and  forwards  over  the 
stone  in  a  succession'  of  long  loops  which  are  placed  quite 
close  together,  and  which  could  hardly  have  been  produced 
by  any  animal  in  a  movement  of  forward  progression.  There 
is,  indeed,  some  evidence  that  the  impressions  of  Crossi^podia 
really  cut  directly  across  the  laminee  of  depoi^tion  to  some 
depth,  and  that  they  have  some  direct,  though  at  present 
not  understood,  connection  with  Myrianites. 

As  might  have  been  expected,  any  fossils  which  can  be 
supposed  with  any  probability  to  be  the  tracks  of  Annelides, 
or  of  other  marine  animals,  present  themselves  as  dressed 
or  coTKave  markings  on  the  upper  surfaces  of  the  strata.  The 
casts  of  these  markings,  however,  are  often  to  be  observed 
on  the  under  surfaces  of  the  beds,  and  these,  as  a  matter  of 
course,  present  themselves  as  convex  or  elevated  impressions. 
When  the  beds  are  vertical,  or  when  the  specimens  are  not 
found  actually  in  situ,  it  is  impossible  to  distinguish  between 
these  two  classes  of  specimens ;  especially  as  sovie  elevated 
impressions,  supposed  to  be  tracks,  do  really  occur  on  the 
u-ppur  surfaces  of  the  strata.  Such  impressions,  in  the 
opinion  of  Principal  Dawson,  "  have  been  left  by  denudation 
of  the  surrounding  material,  just  as  footprints  on  dry  snow 
sometimes  remain  in  relief  after  the  surrounding  loose  snow 
has  been  drifted  away  by  the  wind,  the  portion  consolidated 
by  pressure  being  better  able  to  resist  the  denuding  agency." 

Before  leaving  this  obscure  subject  finally,  it  may  be 
well  to  notice  briefly  one  or  two  considerations  which  bear 
upon  the  question  of  the  origin  and  real  nature  of  markings 
such  as  we  have  been  considering.  In  the  first  place,  the 
late  Mr  Albany  Hancock,  in  an  extremely  able  memoir, 
advocated  the  view  that  the  verinifonn  fossils  of  the  older 
rocks  may  have  been,  in  general  at  any  rate,  produced  by 
Cru^aceans.  He  showed  that  similar  markings  are  pro- 
duced, at  the  present  day,  by  small  Amphipod  Crustaceans 
(Sidcator  arenanus  and  Kroyera  arenaria),  which  burrow 
immediately  below  the  sand  on  the  sea-shore,  and  give  rise 
to  tlie  following  appearances:  (1.)  Large  tracks,  ahont 
3-8ttis  of  an    inch   wide,  slightly  raised,  ribbon-like   in 
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shape,  with  a  median  groove,  often  intricate  and  convoluted, 
sometimes  knotted,  and  several  feet  in  length;  (2.)  Kairow 
wedge-shaped  furrows,  2-lOthB  of  an  inch  wide,  winding 
capriciously  and  often  abruptly  over  the  surface ;  (3.)  Nodu- 
lated or  articulated  tracks,  consisting  of  a  small  furrow,  with 
a  rounded  ridge  on  one  side,  Mr  Hancock  showed  that 
tracks  of  these  three  kinds  ate  actually  produced  hy  the 
above-named  small  Crustaceans,  which  burrow  beneadi  the 
sand,  but  a  short  way  below  the  surface,  "  the  arch  or  tunnel 
thus  formed  partially  subsiding,  as  the  creature  moves  for- 
wards, and  breaking  along  the  centre,"  thus  giving  rise  to  a 
median  groove.  There  ia  no  doubt  that  the  phenomena  sa 
carefully  observed  by  Mr  Hancock  throw  considerable  light 
upon  the  subject  of  the  supposed  Annelide  tracks  of  muddy 
and  sandy  sediments ;  but  there  is  room  for  much  hesitation 
before  concluding  that  any  of  these  tracks,  in  the  older 
rocks  at  any  rate,  were  really  formed  by  Crustaceans  like  the 
living  Sutcator  arenariua.  One  ground  for  such  hesitation 
need  alone  be  brought  forward  here — namely,  that  the  so- 
called  "  Annelide- tracks  "  of  the  older  Palfeozoic  rocks  often 
occur  in  vast  numbers,  in  finely-levigated  deposits,  and  through- 
out a  thickness  of  sometimes  hundreds  of  feet  of  strata,  and 
that  it  is  almost  inconceivable  that  traces  of  the  makers 
should  not  have  been  detected  in  the  same  beds,  supposing 
them  to  have  been  formed  by  animals,  which,  like  Crusta- 
ceans, have  a  skeleton  highly  susceptible  of  preservation  in 
the  fossil  condition. 

Principal  Dawson,  ^ain,  suggests  "  that  Algie  and  also 
land-plants,  drifting  with  tides  and  currents,  often  make  the 
most  remarkable  and  fantastic  trails,"  which  .might  easily  be 
mistaken  for  the  tracks  of  Annelides.  This  suggestion  is  a 
very  valuable  one,  but  certainly  will  not  explain  the  origin 
of  the  mtyority  of  the  so-called  "  Annelide-tracks "  of  the 
Palteozoic  rocks,  the  regular  serpentine  form  of  which  is  one 
of  their  most  remarkable  features.  The  same  distinguished 
authority  remarks  that  "  Lingulse,  when  dislodged  from  their 
burrows,  trail  themselves  over  the  bottom  like  worms,  by 
means  of  their  cirri,"  and  that  "  colonies  of  these  creatures, 
BO  abundant  in  the  Primordial,  may,  when  obliged  to  remove, 
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have  covered  the  surfaces  of  beds  of  mud  with  vcrmiculat 
markings."  Little  weight,  however,  can  be  attached  to  this 
Buggeation,  since  there  is  only  one  existing  Lingula — namely, 
the  very  aberrant  Lingula  pyramidata  —  which  has  any 
power  of  locomotion  in  its  adult  condition ;  and  we  have  no 
right  to  assume  that  any  of  the  extinct  forms  were  endowed 
with  this  quite  exceptional  faculty,  unless  distinct  evidence 
to  this  eflect  can  be  brought  forward,  the  occurrence  of 
markings  which  might  possibly  have  been  formed  by  Palse- 
ozoic  representatives  of  Lingula  pyramidaia  not  constituting 
evidence  of  the  required  kind. 
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CHAPTER    XVII. 
artheopoda. 

Crustacea. 

Division  Abthkopoda,  or  Articulata. — The  members  of 
this  division  of  the  sub-ldngdom  Annvloaa  are  distinguished 
from  the  preceding  division  of  the  Anarthrcrpoda  by  the  pos- 
session of  jointed  appendages,  articulated  to  the  hody.  The 
hody  is  composed  of  a  series  of  segments  or  "  somites,"  arranged 
along  a  longitudinal  axis ;  each  segment  occasionally,  and  some 
always,  being  proiid^d,  at  some  period  of  life  or  other,  with 
articulated  appendages.  Both  the  seipnented  body  and  the 
articulated  limbs  are  more  or  less  completely  protected  by  an 
external  skeieton  formed  by  the  dfposition  of  homy  (chiiinous) 
matter,  sometimes  along  with  variable  anumnts  of  carbonate 
and  phosphate  of  litne,  in  the  integument. 

The  division  Arthropoda  includes  four  great  classes  of 
animals  which  are  very  generally  spoken  of  as  the  "  Articu- 
late Animsls."  These  classes  are  the  Crustacea  (Lobsters, 
Crabs,  &c.),  the  Arachnida  (Spiders,  Scorpions,  &c,),  the 
Myriapoda  (Centipedes  and  Millipedes),  and  the  Inaecta  (In- 
sects). All  these  classes  came  into  existence  in  the  Palaeo- 
zoic period,  the  division  being  represented  by  Crustaceans  as 
early  as  the  Upper  Cambrian  at  any  rate,  and  doubtfully  in 
the  Lower  Cambrian.  Owing  to  the  fact  that  the  Cmsta- 
ceans  alone  lead  an  habitually  aquatic  life,  the  remains  of 
this  class,  as  might  be  expected,  preponderate  lai^ly  over 
those  of  the  other  three.     The  air-breathing  classes  of  the 
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Arathnida,  Myriapoda,  and  Insecta,  naturally,  have  not  left 
abundant  traces  of  their  existence  in  past  time,  a  state  of 
things  which  is  assisted  by  the  nature  of  theii  integuments, 
which  are  rarely  as  hard  and  resisting  as  those  of  the 
Crustaceans. 

Class  I. — Crustacea. 

The  Crustaceans  are  Articulate  anivnale  in  which  the  breath- 
ing organs  (when  distinct)  are  iw  the  form  of  gills,  and  the 
mode  of  existence  is  almost  aiwayx  more  or  less  agnatic.  The 
lody  is  protected  by  a  ehitinoua  or  suh-calcareous  esmkeUton  or 
" crust"  and  the  number  of  pairs  of  articulated  limbs  is  gene- 
rally from  five  to  seven.  SoTJie  of  the  locomotive  appendages 
are  often  carried  upon  the  aegvients  of  the  abdomen,  and  there 
are  turn  pairs  of  jointed  feelers  or  "  antenTKE." 

The  body  of  a  typical  Crustacean,  such  as  a  Lobster  (fig. 
194),  consists  of  a  definite  number  of  somites  placed  one 
behind  the  other,  and  divisible  into  three  regions — a  head, 
thorax,  and  abdomen.  Moat  authorities  regard  the  body  as 
being  typically  composed  of  twenty-one  somites,  of  which 
seven  go  to  the  head,  seven  to  the  thorax,  and  seven  to  the 
abdomen.  All  these  somites,  except  the  last,  may  be  pro- 
vided with  a  pair  of  appendages  each.  The  last  segment  of 
the  abdomen,  however,  never  carries  any  appendages.  This 
segment  is  known  as  the  "  telson"  (fig.  194,  1,  t),  and  it  is 
variously  regarded  as  a  somite  without  appendages,  or  as  an 
unpaired  appendage  placed  in  the  middle  line  of  the  body. 
If  this  latter  view  be  adopted,  the  body  of  a  typical  Crusta- 
cean will  consist  of  only  twenty  segments,  instead  of  twenty- 
one.  The  telson  is  very  greatly  developed  in  some  Crusta- 
ceans, such  as  the  Eing-crabs,  and  less  so  in  the  extinct 
Eurypterida. 

Generally  speaking,  a  greater  or  less  number  of  the  somites 
are  amalgamated  together,  rendering  it  difficult  to  recc^nise 
their  existence  unless  they  beat  appendages — each  pair  of 
appendages  indicating  a  separate  somite.  Very  commonly 
the  segments  of  the  head  and  thorax  are  welded  together 
into  a  single  mass,  which  is  termed  the  "  cephalothorax," 
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and  which  really  consists  of  fourteen  coaleacent  segments. 
The  cephalothorax  is  generally  covered  by  a  great  shield  or 
buckler,  which  is  termed  the  "carapace"  (fig.  194,  1,  ca), 
and  which  is  produced  by  an  enormous  development  of 
the  dorsal  walls  of  one  or  two  of  the  cephalic  somites. 


Pig.  IM.— Hocplioloe;  or  LoMer.     1.  Lobaler  witb  M  tlie  • 
tmnliul  miiniDEreU.  remavol.  and  th«  ibdomliul  loiulUa  KpuaUd  fraia  one 
».  Canpuw ;  I,  TelioD.    2.  The  Uiird  nbdomlotl  >ouilta  Hpanl«d  :  (.  Tcrgum 
nuin ;  p,  FleDnm ;  a,  Fropodite ;  b,  Eiopodlta ;  e,  EndnpodiU.     3.  One  or  the 
or  foot-jswa  or  maillJLpedea :  (,  Epipodlts ;  g.  Oil! ;  Uie  other  letter!  u  berare. 

Each  segment  of  the  body  may  be  regarded  as  essentially 
composed  of  a  convex  upper  plate,  termed  the  "  tei^uni," 
which  is  closed  below  by  a  flatter  plate,  called  the  "sternum," 
the  line  where  the  two  unite  being  produced  downwards  and 
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outwards  into   a   plate   which  is   called   the  "pleuron,"   or 
"pleura"  (fig.  194,  2). 

Strictly  speaking,  the  compoution  of  the  typical  somite  is  congideralily 
more  complKi,  eacli  of  the  primary  arcs  of  the  somite  being  really  com- 
posed of  four  pieces.  The  tergal  arc  ie  composed  of  two  central  pieces, 
one  on  each  side  of  the  middle  line  of  the  body,  utiited  together,  and 
constituting  the  "t«rgum"  proper.  The  superior  arc  is  completed  by 
two  lateral  pieces,  one  on  each  side  of  the  tergum,  which  are  tenned  the 
"  epimera."  In  like  manner  the  ventral  or  sternal  arc  is  composed  of  a 
ceutml  plate,  composed  of  two  pieces  united  together  in  the  middle  line, 
and  constituting  the  "  sternum  "  proper,  the  arc  heing  completed  by  two 
lateral  pieces,  termed  the  "epistema."  These  plates  are  usually  more  or 
less  completely  anchylosej  together,  and  the  true  stnictuie  of  the  somite 
in  these  cases  is  often  shown  by  what  are  called  "apodemate."  These 
are  septa  which  proceed  inwards  from  the  internal  surface  of  the  somite, 
penetrating  more  oi  less  deeply  between  the  various  organs  enclosed  by 
the  ring,  and  always  proceeding  from  the  line  of  junction  of  the  different 
pieces  of  the  s^ment  (fig.  19S). 

Each  somite  of  the  body  may  bear  a  pair  of  appendages, 

and  these  appendages  are  very  much  modified  in  different 
parts  of  the  body,  in  order  to  fulfil 

'     — ->^_A-  difffsrent  functions.      Usually,  how- 

^r       jj   ^^  ever,  a  common  morphological  type 

P     W         V        ^  niay  be  recognised  in  the  appendages 

f  ^i^mstmfi'  f        of  the  Crustacea,  though  certain  ele- 

'      ^  meuts  of  this  type  are  often  wanting 

m^CThr'""llli^ltia^'S    <"•  m^ch  modified.       Typically,   the 

the  teBunienUTT  sbeieton  of  ■    appendages  of  the  Cmdocea  consist 

CniBtaiiean  (Bfler  Milne- Ed  wimlii).         '^'^  ° 

D,  Dormi  .re :  (,  i,  Terg.]  piMM ;    of   au    Undivided    basal    portion   or 

t,  t  Enlmprjil  pieces,     t,  Ventrjil      ..  ■..,     ,.        .    .  ■    ■        i       i 

Bre;i>.^3lerailpi«i>8:/.;;Epi-         propodltC,        glVUlg     OHgUl     to    tWO 

M™i^e.jp,p.  in«rU(«.or  diverging  joints,  of  which  the  inner 
is  called  the  "  endopodite,"  whilst 
the  outer  is  known  as  the  "  exopodite."  In  such  an  ap- 
pendage as  the  "swimmeret"  of  a  Lobster  (fig.  194,  2), 
these  fundamental  parts  are  readily  recognisable ;  but  either 
the  exopodite  or  endopodite,  or  both,  may  be  wanting,  or 
they  may  be  very  much  modified  in  shape  and  form. 

It  is  impossible  to  give  any  general  view  of  the  appen- 
dages of  a  Crustacean  ;  but  it  may  be  as  well  to  name  the 
appendf^es  which  are  present  in  one  of  the  higher  forms. 
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sach  aa  th«  Lobster,  in  'which  all  the  somites,  except  the 
telson,  carry  a  pair  of  appendages  each.  The  somites  of  the 
head  and  thoraic  are  amalgamated  into  a  single  mass,  termed 
the  "  cephalothorax,"  which  is  protected  above  by  the  "  cara- 
pace," and  carries  the  appendices  on  its  lower  surface.  The 
first  s^ment  of  the  head  carries  a  pair  of  eyes,  which  are 
"  compound,"  and  are  borne  upon  long  stalks,  formed  by  the 
propodite  of  the  appendage.  The  ^mid  segment  of  the  head 
carries  a  pair  of  small  jointed  feelers,  which  are  known  as 
the  "  lesser  antennae  "  or  "  antennules."  Each  consists  of  a 
short  propodite,  and  a  much-Segmented  endopodite  and  ex- 
opodite,  which  are  nearly  of  equal  length.  The  tliirA  se<;- 
ment  of  the  head  carries  a  pair  of  very  long  feelers,  which 
are  known  as  the  "  great  antennse."  Each  consists  of  a  short 
propodite  and  a  long  and  jointed  endopodite,  with  a  rudimen- 
tary exopodite.  The  fourth  segment  of  the  head  carries  a  pair 
of  jaws,  which  are  known  as  the  "  mandibles."  Each  man- 
dible consista  of  a  large  propodite,  with  no  exopodite,  but 
with  a  small  endopodite,  which  is  known  as  the  "  mandibular 
palp."  Between  the  bases  of  the  mandibles  also  is  placed 
the  apert.ure  of  the  mouth,  which  is  bounded  in  /tojU  by  a 
plate,  known  as  the  "  labrum  "  (upper  lip)  or  "  hypostoma," 
and  behind  by  a  forked  plate,  known  as  the  "  labium  "  (lower 
lip)  or  "  metastoma."  The  fifth  segment  carries  another  pair 
of  jaws,  which  are  known  aa  the  first  pair  of  "  maxillse ; " 
whilst  the  suih  segment  carries  another  pair  of  the  same, 
known  as  the  second  pair  of  "  maxiUffi."  The  seventh  and 
last  segment  of  the  head  carries  the  first  of  three  pairs  of 
what  are  generally  known  as  "  foot-jaws  "  or  "  maxillipedes." 
Each  foot-jaw  is  merely  an  ordinary  limb,  consisting  of  pro- 
podite, exopodite,  and  endopodite,  but  modified  to  assist  in 
mastication.  The  eighth  segment  (the  first  of  the  thorax) 
carries  a  second  pair  of  foot-jaws,  and  the  ninth  segment 
{the  second  of  the  thorax)  bears  a  third  pair  of  the  same. 
The  tenth  segment  (the  third  of  the  thorax)  carries  a  pair  of 
jointed  limbs,  consisting  of  propodite  and  endopodite  alone, 
without  any  exopodite  These  limbs  are  greatly  developed, 
and  their  extremities  form  a  pair  of  pincers  or  "  chelae,"  so 
that  they  constitute  the  "nipping-claws"  of  the  Lobster. 
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The  dtoenth  segmeDt  (the  fourth  of  the  thorax)  carries  a 
second  pair  of  limbs,  also  "  chelate,"  but  much  smaller  thaa 
the  preceding ;  and  the  twdfth  segment  (the  fifth  of  the 
thorax)  carries  another  pair  of  the  same.  The  tkirtemih 
segment  (the  sixth  of  the  thorax)  carries  a  pair  of  limbs  like 
the  preceding,  but  with  simply-pointed  extremities ;  and  the 
finirteenih  segment  (the  last  of  the  thorax)  carries  another 
pair  of  the  same ;  so  that  there  are  altogether  five  pfurs  of 
ambulatory  limbs,  carried  reapectively  by  the  10th,  llth, 
12tb,  13th,  and  14th  somites  of  the  body;  or,  in  other 
words,  by  the  last  five  segments  of  the  thorax.  Of  the  seven 
segments  of  the  abdomen — completing  the  total  of  twenty- 
one — the  first  six  carry  each  a  pair  of  appendages,  which 
are  used  as  swimming  organs,  and  which  are  termed  the 
"  swimmerets."  Each  swinmieret  (fig.  194,  2)  consista  of  a 
propodite  and  a  flattened  exopodite  and  endopodite ;  and  the 
last  pair  is  greatly  widened  out  and  expanded,  forming  with 
the  telson  a  powerful  swimming-tail.  The  telson  or  last 
abdominal  s^ment  carries  no  appendages,  and  is  simply 
placed  between  the  last  pair  of  swimmerets. 

As  regards  the  general  distribution  of  the  Crustacea  in 
time,  remains  of  the  class  are  comparatively  abundant  in  all 
formations  except  the  very  oldest ;  as  m^ht  have  been  ex- 
pected from  the  generally  chitinous  or  sub-calcareous  nature 
of  their  integuments  and  their  aquatic  habits.  Owing  also 
to  their  habit  of  periodically  casting  their  shell,  a  single 
individual  may  leave  repeated  traces  of  himself,  and  the 
number  of  fossils  may  considerably  exceed  that  of  the  indi- 
viduals which  actually  underwent  fossilisation.  The  Crus- 
taceans appear  to  have  commenced  their  existence  in  the 
Cambrian  period,  remains  of  members  of  this  class  being 
tolerably  abundant  in  the  higher  portion  of  this  formation. 
The  Palaeozoic  formations,  taken  as  a  whole,  are  characterised 
by  the  predominance  of  the  orders  TrildbUa,  Eurypterida, 
Ostracoda,  and  Phyllopoda,  of  which  the  two  former  are  ex- 
clusively confined  to  this  period.  All  the  other  orders  of 
Crustacea,  which  have  left  any  traces  of  their  past  existence 
at  all,  appear  to  have  come  into  existence  before  the  close  of 
the  Palteozoic  period.     Upon  the  whole,  however,  there  has 


.obyGooglc 


CBUaTACBA,  333 

been  a  marked  prc^ressioQ  in  proceeding  from  the  older 
formations  to  the  present  day.  The  Trilobites  nnd  Euryp- 
terida  of  the  older  Palieozoic  rocks,  though  highly  organised 
80  far  as  their  type  is  concerned,  are  in  many  respects 
inferior  to  later  forms,  vbllst  they  present  some  striking 
points  of  i-esembhince  to  the  larval  forms  of  the  higher 
groups.  The  great  group  of  the  Stalk-eyed  Crustaceans — 
undoubtedly  the  highest  of  the  entire  class — is  not  repre- 
sented at  all  till  we  reach  the  Carboniferous  rocks :  and  it 
is  not  till  we  come  into  the  Secondary  period  that  we  find 
any  great  development  of  this  group,  whilst  its  abundance 
increases  to  a  marked  extent  in  the  Tertiary  period,  and  it 
attains  its  maximum  at  the  present  day.  Similarly,  of  the 
two  sub-orders  of  the  Merosiomata,  the  Euryptmda  are  con- 
fined to  the  earlier  portion  of  the  Paleeozoic  period,  whilst 
the  more  highly  organised  and  less  larval  King-crabs  {Xipho- 
eara),  with  few  exceptions,  did  not  make  their  appearance  till 
the  Eurypterids  had  diaappeaxed,  at  the  close  of  the  Car- 
boniferous period. 

The  following  table  shows  the  orders  of  the  Crustacea,  and 
a  short  account  will  be  given  of  the  distribution  in  time  of 
those  *hich  are  known  to  occur  as  fossils.  The  stnicture 
also  of  the  extinct  groups  will  be  shortly  described.  The 
orders  marked  with  an  asterisk  do  not  occur  as  fossils,  or 
only  doubtfully  so,  and  will  not  be  considered  here. 

Tabdlab  View  or  tbb  Divisions  OF  the  Cbustacea. 

Sub-claw  I.  Efizoa  {HavtUUata). 
Order  1.  lAthyopkthira* 
„     S.  Ehixocepkala.* 

Sub-class  II.  CiBBiFEDiA. 

f  Balanidfe. 
Onier  3.  Tkoradca.      i  Verrucidn. 
y-  Lepadid». 
„     4.  Abdonanalia.* 
„     6.  Apoda.* 
Sab-class  IIL  Emtouostbaca. 
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Order    8.  Ctadocera.*  1 

„       9.  Phyllopoda.  >  Legion,  Branchiopodo. 

„     10.  TrUobita.  I 

„     11.  Merothmutta. 
Sub-closB  IV.  Malacostraca. 

Division  a.  Edriophihalhata. 
Order  12.  Laraodipoda.* 
„      13.  Itopada, 
„      14.  Amphipoda. 
Division  b.  Podophthaluata. 
Order  15.  Slomapoda. 
„      16.  Decapoda, 

Tribe  a.  Macmra. 
„  b.  Anomura. 
„     e.  Brachyura. 

Sub-class  Cibbipedia. 

Animal  free  when  young,  but  permanently  attaehed  in  the 
ailult  condition,  to  some  foreign  body  hy  the  anterior  extremity 
of  tlte  metamorphosed  head.      The  visceral  cavity  of  the  adult 


Fig.  IM.— Hurplinlngy  of  OrTlpedla.  a,  Ltjioi  i««li<ala,  dub  of  Oie  BnroKAta,  one  ilds  of 
the  Hhetl  being  irmoved,  cnluged  fonr  ttmca :  c,  Peduncle ;  d,  CeniFnUluct ;  o.  Ovuy  ;  (, 
Uvl9u ;  T,  Vu  defenni ;  p,  Fenlg.  B,  PircUatBia  JUia,  enlugEd  Ave  Umei :  c,  Pedunclf.  c, 
BaUuitii  talosoldu.  viemd  rrgm  abon,  of  Uw  nitnnl  >!».  n.  AiJanni  (ii>(liifuit«Iiin,  iritli 
the  Bbdl  on  ntu  ilde  Rmoied  lo  ihov  the  uilnul :  a.  One  oT  tbe  vilvea  ("  •Fntam  ~)  nf  the 
operculDoi ;  b.  Another  valve  ("  Wibddi  ")  of  the  opetCDlnni.    (Alter  Dunin  ind  Fagen- 

pToteded  by  a  calcareous  shell  of  several  pieces,  or  by  a  coria- 
eeous  envelope.  Abdomen  free  and  mdimemiary.  Thoracic  seg- 
metUs  usually  carrying  mx  pairs  offor]c«d  ciliated  limits. 
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The  Cirripedia  include  three  orders,  of  which  only  the 
order  Thoracica  has  ever  been  found  in  a  fossil  condition,  or 
is  ever  likely  to  be  so.  In  this  order  are  the  common  Acom* 
shells  (Balanid^)  and  Barnacles  {Ztpadtda},  in  which  the 
body  is  protected  by  a  more  or  less  complete  calcareous  shell. 
The  Acom-ahells  are  generally  known  as  the  "  Sessile  Cirri- 
pedes,"  because  the  shell  is  directly  attached  by  its  base 
to  some  foreign  body,  whereas  the  Barnacles  are  commonly 
known  as  the  "  Pedunculated  Cirripedes,"  because  the  shell 
is  supported  upon  a  stalk  or  "  peduncle."  Besides  these,  the 
order  TkaracKa  comprises  a  tliird  famUy,  that  of  the  Ver- 
rucidcE,  ID  which  the  shell  resembles  that  of  the  Balanidai  in 
being  sessile,  but  differs  in  being  unsymmetrical,  and  in  some 
other  particulars. 

It  is  with  the  shell  of  the  Cirripedes  that  the  palseontologist 
has  to  deal ;  and  we  may  therefore  consider  briefly  the  chief 
parts  of  the  shell  in  the  Sessile  and  Pedunculated  Cirripedes 
respectively.  It  will  not  be  necessary,  however,  to  enter  into 
minute  details  on  this  complicated  subject,  and  it  will  be 
sufficient  to  indicate  the  leading  facts  of  importance. 

In  the  symmetrical  Sessile  Cirripedes  or  BalanidoE,  com- 
monly known  as  Acorn-shells,  the  animal  is  protected  by  a 
calcareous  shell  formed  by  calcifications  within  the  walls  of 
the  first  three  cephalic  s^ments.  '  The  animal  is  placed 
within  the  shell,  head  downwards,  and  is  fixed  to.  the  centre 
of  a  shelly  or  membranous  plate,  which  closes  the  lower 
aperture  of  the  shell,  and  which  is  termed  the  "  basis  "  (fig. 
197,  A,  /).  The  "  basis  "  is  fixed  by  its  outer  surface  to  some 
foreign  object,  and  is  sometimes  compact,  sometimes  porous. 
Above  the  basis  rises  a  limpetr-shaped,  conical,  or  cylindrical 
shell,  which  is  open  at  the  top,  but  is  capable  of  being  com- 
pletely closed  by  a  pyramidal  lid  or  "  operculum."  Leaving 
the  opereulum  out  of  consideration  at  present,  the  sides  of 
the  shell  are  seen  to  be  composed  of  from  four  to  eight 
separate  pieces  or  valves,  or,  as  they  are  technically  called, 
compartmentg.  These  compartments  are  usually  closely  con- 
tiguous by  their  lateral  margins,  and  are  separated  by  lines 
of  division  or  "  sutures ;"  but  they  are  sometimes  anchylosed 
together.     Each  compartment  consists  of  a  central  portion. 
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which  is  termed  the  "paries"  (fig.  197,  B,p),  which  is  attached 
by  its  base  to  the  "  basis  "  of  the  shell  The  "  paries  "  grows 
downwards,  so  that  the  whole  shell  increases  by  additions 
made  round  the  base.  The  paries  of  each  compartment  is 
flanked  by  wing-like  portions,  which  differ  from  the  paries 
in  appearance,  and  are  called  "  radii "  and  "  alse,"  according 
to  their  shape  {fig,  197,  b,  c).  Sometimes  the  paries  has  a 
"  radius  "  on  both  sides,  sometimes  "  alee  "  on  both  sides,  and 
sometimes  an  ala  on  one  side  and  a  radius  on  the  other. 

The  separate  compartments  of  the  shell  receive  special 
names  aceoi-ding  to  their  position.  The  compartment  at  the 
end  of  the  shell  where  the  animal  thrusts  out  its  cirrated 
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limbs,  is  called  the  "carina"  (fig.  197,  a);  and  the  com- 
partment immediately  opposite  to  this  "  rostrum. "  The 
remaining  compartments  are  "  lateral,"  the  one  nearest  the 
carina  "  carino-lateral,"  the  one  nearest  the  rostrum  "  rostro- 
lateral,"  and  the  middle  one  simply  "lateral"  (fig.  197,  a); 
but  the  three  rarely  coexist. 

The  "  operculum  "  or  lid  of  the  shell  consists  of  two  pairs 
of  valves,  known  as  the  "  scuta  "  and  "  terga,"  forming  a  little 
pyramid  or  cone,  attached  within  the  orifice  of  the  shell  by 
a  membrane.      Each  scutum  opens  and  shuts  t^ainst  its 
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fellow  along  one  margin  (the  "occludent"  margin),  and 
articulates  with  one  of  the  terga  along  tho  opposite  mai^n. 
Similarly,  each  tetgum  opens  and  shuts  against  its  fellow 
along  one  margin  (the  "carinal"  margin),  and  articulates 
with  one  of  the  scuta  along  the  opposite  margin.  The  apex 
of  the  terga  (fig.  197,  e)  often  forms  a  prominent  beak,  and 
the  basal  margin  is  furnished  with  a  process  or  "  spur."  The 
scuta  and  t«i^  are  not  only  movable,  but  are  furnished  with 
proper  depressor  muscles. 

As  regards  the  distribution  of  the  Balanidm  in  time,  the 
oldest  known  representative  of  the  family,  so  far  as  is  cer- 
tainly known,  has  been  indicated  by  Mr  Seeley  as  occurring 
in  the  Lias,  and  has  been  made  the  type  of  a  new  genus 
under  the  name  of  Zoocapsa.  So  far  as  is  known,  no  member 
of  the  group  occurs  in  any  Palieozoic  deposit ;  and  negative 
evidence  is  in  this  case  of  considerable  value,  as  the  Salani 
possess  a  shell  which  is  readily  preserved,  whilst  they  adhere 
to  all  sorts  of  marine  bodies.  With  the  above-mentioned 
exception  (which  may,  perhaps,  be  referred  to  the  VerruddeE), 
no  fossil  Balanoid  has  hitherto  been  discovered  in  sediments 
older  than  the  commencement  of  the  Tertiary  period.  The 
genus  Baianus  is  the  earliest  of  the  group,  and  appears  under 
several  specific  forms  in  the  Eocene  rocks.  In  the  Miocene 
and  Pliocene  deposits,  the  Batanidte  are  abundantly  repre- 
sented by  BcUanus  itself,  and  in  the  latter  by  the  genera 
Acaata,  Pyrgoma,  and  Coronvla. 

The  remaining  family  of  the  Sessile  Cirripedes  is  that  of 
the  Vffrrucida,  comprising  only  the  single  genus  Verruca. 
In  many  respects  the  VerrvMdce  approach  the  Balanidce,  but 
the  shell  is  composed  of  six  valves  only,  and  is  unsymmet- 
rical,  whilst  the  scuta  and  tCTga  (forming  the  operculum), 
though  movable,  are  not  furnished  with  a  depressor  muscle. 
The  VtfmmdcR  appear,  so  far  as  is  known,  to  have  com- 
menced their  existence  towards  the  close  of  the  Secondary 
period,  the  Chalk  having  yielded  one  species.  Verruca 
StTomia  is  found  in  the  Coralline  and  Red  Crags  (Pliocene), 
in  Glacial  deposits,  and  in  existing  seas. 

The  third  family  of  the  Cirripedia  Thoracica  is  that  of  the 
Lepadidm  or  Pedunculated  Cirripedes,  commonly  known  as 
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"  Bamftcles."     In  these  (fig.  198)  the  animal  differs  from  the 
Sessile  Cirripedes  in  having   its  anterior  extremity  greatly 
elongated,   forming  a   stalk   or   "  peduncle "    by  ■which  it 
is    fixed  to   some  foreign  object.      At   its  free  extremity 
the  peduncle   bears  the  "capitulum," 
■which  corresponds  to  the  shell  of  the 
Balanoids,  and  is  composed  of  various 
calcareous  pieces,  united  by  a  mem- 
brane, moved  upon  one  another  by  ap- 
1  propriate  muscles,  and   protecting  in 

their  interior  the  body  of  the  animal 
■with  its  various  appendages.  The 
peduncle  is  cylindrical,  of  varying 
length,  flexible,  and  furnished  witli 
proper  muscles.  In  some  species  the 
peduncle  is  naked,  and  cannot  be  pre- 
served in  the  fossil  condition ;  bnt  in 
other  cases  the  peduncle  is  furnished 
with  calcareous  scales  {Lorieula  and 
TurrHeptis,  fig.  200),  in  wluch  case  it 
is  readily  preserved.  The  "  capitulum  " 
(fig.  199),  as  before  said,  corresponds 
with  the  shell  of  the  Salani,  and  is 
generally  much  flattened.  It  consists 
ordinarily  of  five  or  more  valves  united 
to  one  another  by  membrane,  usually 
with  marked  interspaces ;  but  the 
valves  may  be  rudimentary  or  want- 

Flg.  \I».—Anatifi   Irpta,  »      .  ,     .  _.  ...  , 

rNttntPediincuintodcirTipode.  utg,  and  tlie  entire  capitutum  may  be 
«utulr^^  "'°"'  ^  membranous.  Tlie  parts  of  the  capitu- 
lum correspond  ideally  with  the  parts 
of  the  shell  in  the  Ealanoids.  In  the  latter,  however,  the 
shell  is  for  the  moat  part  composed  of  the  "  compartments," 
and  the  "  operculum  "  is  comparatively  small  and  insignifi- 
cant. In  the  Lepadoids,  on  the  other  hand,  the  valves  which 
correspond  with  the  operculum  of  the  Balanoida  are  dispro- 
portionately developed,  and  the  valves  which  correspond  with 
the  compartments  of  the  Balanoids  are  much  leas  conspicuous, 
and  are  often  partially  absent.    The  most  important  and  per- 
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BJstent  of  the  valves  are  the  "acuta"  (fig.  199,  6),  which 
protect  the  front  part  of  the  hody,  and  correspond  with  the 
valves  bearing  the  Bame  name  in  the  operculum  of  the 
The  next 


most  important  are  the 
"tei^"  (fig.  199,  a), 
which  protect  the  dorso- 
lateral surface.  A  pair 
of  scuta  and  a  pair  of 
tetga  are  present,  and 
these  are  the  largest  of 
all  the  valves.  The 
"  carina "  and  "  rost- 
rum "  are  placed  along 
the  edges  of  the  capi- 
tulum,  the  former  being 
much  the  most  import- 
ant, and  there  may  be 
a  "  Bub  -  carina  "  and 
'*  sub  -  rostrum."  The 
remaining  valves,  with 
the  carina  and  rostrum, 
correspond  with  the 
proper  shell  of  the  Ba- 
lanoids ;  but  they  are 
often  wanting  or  rudimentary,  and  they  require  no  further 
consideration  here. 

As  regards  the  distribution  of  the  Pedunculated  Cirripedes 
in  time,  until  recently  no  member  of  the  family  was  certainly 
known  to  have  existed  in  the  Paleozoic  period.  Dr  Henry 
Woodward,  however,  has  described  a  very  interesting  form 
from  the  Upper  Silurian  rocks,  under  the  name  of  Turrile- 
pas  (fig.  200,  a).  In  this  singular  fossil  the  peduncle  was 
furnished  with  intersecting  rows  of  plates,  as  in  Loricula, 
These  plates,  when  detached  and  occurring  in  an  isolated 
condition,  are  not  unlike  the  shells  of  certain  of  the  Ptero- 
pods,  and  fragmentary  specimens  may  be,  and  have  been, 
taken  for  Chitons.  The  genns  TSirrilepas  is  identical  with 
the  Plumulitea  of  Banande,  and  species  have  been  now  de- 


.-CpltullUB  1 

,r  .  Petliuif 

lulitol  dnlpade. 

Roalnl  111 

itra-i 

(AftarDKwto.) 

,tk)i)glc 


ARTHKOPODA. 


tected  in  the  Silurian  formation  of  Bohemia,  Britain,  and 
North  America.  The  distinguished  Bohemian  palieontolo- 
giat  jast  mentioned  regards  Turrilepas  not  as  being  the  scaly 


peduncle  of  a  form  like  Z&rirula,  but  as  being  truly  the 
capitulum  of  a  Lepadoid,  in  which  the  peduncle  is  wanting 
or  rudimentary.  Another  Silurian  genus  of  Lepadoids  has 
been  described  by  Barrande  under  the  name  of  Anaiifopsis. 
Only  detached  valves  are  known,  which  have  a  general  like- 
ness to  those  of  Zepas,  each  valve  being  somewhat  qnadri- 
lateral,  and  having  the  lower  part  of  its  base  marked  out 
into  one  or  two  horizontal  segments,  which  are  more  or  less 
separated  from  the  body  of  the  valve.  No  undoubted  pe- 
dunculated Cirripedes  have  as  yet  been  detected  in  the 
Devonian,  Carboniferous,  or  Permian  rocks ;  and,  with  the 
exception  of  the  ancient  types  just  mentioned,  the  oldest 
known  representatives  of  the  Lepadoids  belong  to  the  genus 
Follicipes,  species  of  which  have  been  discovered  in  the 
Ehsetic  beds  (Upper  Trias),  and  in  the  Stonesfield  Slate 
(Lower  OoUtes).  In  the  Cretaceous  period,  the  Lepadidm 
reached  their  maximum  of  development,  about  80  per  cent 
of  the  known  fossil  forms  having  been  recognised  in  strata 
of  this  age.  The  Tertiary  forms  are  few  in  number,  and 
belong  to  the  genera  Scalpdlum,  Follicipea,  and  PeecUasma, 
the  last  being  only  a  sub-genus  of  the  living  Anaiifa. 
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CRUSTACEA  iOmlinued). 

Sob-class   Entomostraca. 

The  £ntomostracoii9  Cruataceana  are  defined  by  Professor 
Uupert  Jones  as  follows :  "  Animal  aquatic,  covered  wiih  a 
shell,  or  carapace,  of  a  homy  consistency,  forvied  of  otic  or  more 
pieces,  in  sorne  genera  resembling  a  cuirax  or  buckler,  and  in 
others  a  bivalve  shell,  which  ctympleidy  or  in  great  part  envelops 
the  body  atid  limbs  of  Ike  animal ;  in  other  genera  the  animal 
is  invested  with  a  midtivalve  carapace,  like  jointed  plaie- 
armour ;  the  braTichia:  are  attacked  eitker  to  the  feet  or  to  the 
organs  of  Tnasticaiion ;  the  liwhs  are  jointed,  and  more  or  less 
aetifertnts.  The  animals,  for  the  most  part,  undergo  a  regular 
•moulting  or  change  of  sliell,  as  tkey  grow ;  in  some  cases  this 
ammmts  to  a  ^ecies  of  transformation." 

The  orders  commonly  included  in  the  sub-class  Sniomos- 
traca  are  the  Osiracoda,  Coprpoda,  Cladocera,  Phyllopoda,  JW- 
lobita,  and  Merostomata  (compriaing  the  Hub-ordera  Xiphosura 
and  Eurypterida).  Of  these,  the  Cc^>epoda  and  Cladocera 
may  be  left  out  of  consideration,  as  they  are  not  certainly 
known  to  occur  in  the  fossil  condition, 

Ordeh  Ostracoda, 

Minnie  Cntstaceans  having  l/ie  entire  body  enclosed  in  a 
shell  or  carapace,  which  is  composed  of  tino  valves  united  alojig 
the  back  by  a  membrane.      The  valvts  are   capable   of  beittg 
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dosed  by  an  adductor  muscle,  the  insertion  of  which  is  marked 
in  the  interior  of  each  valve  by  a  tviercle,  pit,  or  ^oup  of  spots, 
or  by  both  spots  and  a  pit.  The  branchice  are  attached  to  the 
posterior  Jaws,  and  there  are  only  two  or  three  pairs  of  feet, 
which  subserve  locomotion,  itU  are  not  adapted  /or  swimming. 

Of  the  living  Ostracode  Crustaceaua,  a  great  many  inhabit 
fresh  vat«i  (Cypris) ;  others  live  in  fresh  or  in  brackish 
waters  {Candona) ;  lastly,  others  are  exclusively  confined 
to  the  sea  {Gythere  and  Cypridina).  They  generally  swarm 
in  the  localities  in  which  they  occur,  and  from  their  habit 
of  periodically  shedding  their  valves,  considerable  accumu- 
lations of  their  shells  may  be  formed  under  favouring  cir- 
cumstances. 

It  is  only  the  carapace-valves  of  the  Ostracode  Crusta- 
ceans that  are  preserved  in  the  fossil  condition,  with  the 
rarest  exceptions ;  and  the  general  form  of  the  carapace  is 
often  very  similar  in  different  genera.  Hence  the  palseon- 
tol(^ist  has  to  rely,  in  the  discrimination  of  these  minute 
.  fossils,  upon  small  vanatious  of  shape,  differences  in  the 
thickness  of  the  valves,  the  characters  of  the  edges  of  the 
valves,  or  the  manner  in  which  they  are  hinged  to  one  an- 
other, or,  lastly,  the  surface -ornamentation.  Besides  the 
difficulty  attaching  to  the  study  of  the  fossil  Oatracoda  from 
their  small  size  and  general  similarity  of  appearance,  it  is 
otten  by  no  means  easy  to  distinguish  between  the  cephalic 
and  the  posterior  extremity  of  the  body.  When  not  alike, 
the  moat  contracted  extremity  is  to  be  regarded  as  the  head, 
and  the  widest  as  the  hinder  end  of  the  carapace.  The 
former,  as  a  rule,  carries  grooves  or  tubercles  when  such 
structures  are  present  at  all.  The  tubercles  of  the  test, 
where  developed,  appear  to  represent  the  eye ;  and  tlie 
grooves  and  intervening  lobes,  which  are  found  in  many 
forms,  have  been  aptly  compared  by  Barrande  to  the  fur- 
rows and  lobes  of  the  glabella  of  Trilobites.  There  are 
many  types,  however,  in  which  there  are  no  conspicuous 
external  markings,  and  in  which  the  two  ends  of  the  cara- 
pace are  similar.  The  Mesozoic  and  Tertiary  Ostracoda  are 
very  small,  and  the  same  is  true  of  a  large  number  of 
Palfeozoic  species ;  but  among  the  latter  we  find  some  com- 
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paratively  coloasal  types,  which  range  fmm  one  to  three 
inches  in  length.  As  a  rule,  alao,  the  FaUeozoic  Ostracoda 
are  plain,  of  are  simply  striated  or  granular;  whereas  the 
Mesozoic  and  Tertiary  forms  are  commonly  ornamented  vrith 
projecting  tubercles,  or  in  various  other  ways.  As  regards 
their  general  distribution  in  time,  the  Ostnuxda  certainly 
commence  in  the  Upper  Cambrian,  and  are  even  doubtfully 
represented  in  the  Lower  division  of  this  formation.  They 
existed  under  many  and  varied  types  in  the  Silurian,  and 
are  abundant  in  all  the  sncceedii^  formations,  till  the  recent 
period  is  reached.  As  matter  of  course,  the  remains  of  this 
group  of  Crustaceans  with  which  we  have  chiefly  to  do,  are 
principally  those  of  the  manne  members  of  the  order,  and 
this  is  especially  true  as  regards  the  Palaeozoic  species.  lu 
later  deposits,  however,  the  occurrence  of  Ostracodes  of  types 
now  found  in  fresh  or  brackish  water  is  by  no  means  un- 
coihmoD. 

The  total  number  of  fossil  Ostracoda  is  very  large,  the 
difficulties  attending  their  study,  for  reasons  already  steted, 
are  quite  exceptionally  great ;  and  it  is  impossible,  as  a  rule, 
for  the  student  to  discriminate  species,  or,  often,  even  genera, 
unless  he  should  have  made  the  group  a  subject  of  special  in- 
vestigation. Here,  therefore,  no  attempt  will  be  made  to  give 
even  the  briefest  analysis  of  the  families  or  genera  of  the 
order ;  but  it  may  be  well  to  shortly  characterise  some  of 
the  common  or  more  remarkable  types,  with  special  reference 
to  the  Palseozoic  forms,  with  which,  upon  many  grounds,  it 
is  desirable  that  the  student  should  have  some  acquaintance. 

Among  the  Palseozoic  Ostracodes,  the  first  group  that  may 
be  noticed  is'  that  of  which  Zeperditia  (fig.  201,  c  and  d)  is 
the  type.  In  this  genus  the  two  valves  are  unequal  in 
size,  smooth,  nearly  oblong,  bean-shaped,  with  the  posterior 
end  wider  than  the  anterior.  There  is  a  small  tubercular 
eye-spot,  placed  on  the  head,  near  the  hinge,  and  under- 
neath and  behind  this  is  a  slightly  inflated  area,  correspond- 
ing with  an  excavation  of  the  shell  interiorly,  and  exhibiting 
reticulated  or  areolar  muscular  markings.  Behind  the  eye- 
spot  is  generally  a  vertical  groove,  which  begins  at  the  dorsal 
margin,  and  extends  a  short  way  across  the  valves.     The 
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geous  ranges  from  the  SilariaD  to  the  Carboniferous.  Isochilina 
(fig.  201,  b)  nearly  resembles  the  preceding,  but  the  valves 
are  equal.     It  is  not  uncommon  in  the  Silurian.     Aristozoe, 


ew)— eUuriu;  d,  IxptntUta 


Fl«.  30I.—Tjpa  of  Oitracodn.    i 
B,  /wclUUna  Oflaim,  enluged  four  tlmu  (left  vilve  uil  ' 
((Ilia  JoKphiam,  of  tbs  naCnral  lia  (right  v«1vb  «  ' 
HiitoHfl,  flnlATgAd,  Ahowing  the  eyfl.apQt  uid  mu 

Jtmiifftilalo— Silurian  ;  r,  Outline  of  the  ume,  enlarged ;  o.  Right  and  loft  miia  ui  nvH- 
Ua  laria — Biluiiin  ;  h.  BfyriiAla  eanrillaiia— SllurUn  :  i,  Beyriclita  onUiMri,  ihowlnB  the 
elevated  eye-npo^  greatly  enln'ifHl-'ailutiaD ;  j,  Ejitomia  jwlaffiai.  Tight  ^ilve,  eolBTged 
twice  — ffiluTlvii  K,  EntDMla  iviptadeiu.  enlarged  —  SlhiTlsn  ;  l,  CKr'^'"^  ti-rirjkUnna, 
ten  valve,  enluged  (our  tlniee— Orhonireruua  ;  m,  Donal  view  or  a  amall  eianiple  ot 
Esloiooamskiu  Scoiilerl,  enlaigeil  fnut  bmes  — CarboniferoUB;  «,  Left  valve  ot  IWymj* 
iiiApUx,  enlaT^Ed  eight  titaea — Carbonlferuua ;  o,  Cyprit  Brovniajui,  viewed  donolly,  eh' 

enlarged— PlelaloMoe ;  n,  CwOure  punctata,  right  valve,  similarly  enlaised- Pliocene ;  H, 
■     Interior  of  left  valve  of  tlie  aauie.    (After  Bairaude,  Rujwrt  Jouea,  H'Coy,  Hall,  and  O.  8. 

(fig.  201,  A),  Orowe,  and  Cailizo^  are  Silurian  genera,  allied 
to  LeperdUia,  but  they  have  tubercular  eminences  developed 
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upon  the  head,  and  tliey  are  exceptionally  lai^  in  point  of 
aize.  Aristozoe  leaches  aometiines  the  extraordinary  length 
of  three  iitches.  FrimUia  (fig.  201,  E-g)  ia  anather  ancient 
type,  essentially  Silurian  in  its  distribution,  and  characterised 
by  its  equivalve,  convex,  oblong  carapace,  indented  with  a 
vertical  dorsal  groove  of  variable  depth.  Belated  to  FHnvUia 
is  the  genus  Beyrickia  (fig.  201,  H  and  l),  which  ranges  from 
the  Silurian  to  the  Carboniferous  and  is  more  particularly 
distinguished  by  the  possession  of  two  or  three  transverse 
grooves,  which  start  at  the  hinge,  and  pass  partially  or 
wholly  across  the  valves.  In  the  curious  Beyrickia  oculi- 
/era,  the  eye-spot  forms  a  prominent  and  faceted  tubercle, 
unlike  that  of  any  other  Ostracode  (fig.  201,  i).  Two  other 
members  of  the  ancient  family  of  the  Leperdiiiadee  may  be 
just  mentioned — namely,  Kirkbya  and  Moorea,  both  com- 
mencing in  the  Upper  Silurian,  and  ranging,  the  former  to 
the  Permian,  and  the  latter  to  the  Carboniferous. 

Another  great  group  of  (Mracjda  is  that  of  the  Cypri- 
diiuidcE,  with  numerous  living  forms,  and  represented  in  past 
time  principally  by  the  three  generic  types,  Cypridina, 
Bntomis,  and  E^Uomoamchus,  the  last  two  of  these  being 
entirely  extinct.  In  CypridijM  (fig.  201,  l)  the  carapace  is 
produced  in  front  into  a  beak-like  projection,  below  which 
is  a  hollow  or  notch  facing  the.  ventral  margin.  Many  of 
the  so-called  CypridituB  of  the  older  Palseozoio  rocks  are 
nov  known  to  be  referable  to  other  types,  but  the  genus 
ia  well  represented  in  the  Carboniferous,  and  existe  at  the 
present  day.  Bntomis  (fig.  201,  J  and  k)  is  a  Silurian  and 
Devonian  genus,  which  resembles  some  of  the  LepcrdUiadtc 
in  having  a  dorsal  groove,  indenting  the  valves  transversely, 
and  sometimes  reaching  the  ventral  mai^gin,  and  having  a 
rounded  tubercle  placed  below  its  lower  end.  One  species 
of  this  genus,  formerly  known  as  a  Cypridina,  is  so  abundant 
in  certain  of  the  Devonian  strata  of  Germany  as  to  have 
gained  for  these  the  name  of  "Cypridinen-Schiefer."  Bnto- 
moconekua  (fig.  201,  m),  again,  is  a  large  form,  with  a  thick 
and  globose  carapace,  having  a  much  less  developed  notch 
in  front  than  in  Cypridina.  It  is  confined  to  the  Carhon- 
iferons  rocks.    Among  other  Carboniferous  Cypridinadm  may 
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be  mentioned  the  genera  CypreUa,  CyprideUa,  Cypridellina, 
StUcana,  and  Rhonibirta, 

Another  group  of  the  Ostraeodea  is  that  characterised 
by  the  genus  Polycope  (fig.  201,  M),  in  which  the  carapace- 
valves  are  subequal  and  thin,  oot  markedly  notched  in  front, 
and  havii^  no  beak.  Though  represented  by  living  species, 
the  only  undoubted  membets  of  this  genus  which  have  been 
detected  in  a  fossil  state  are  from  the  Carboniferous  rocks. 

The  genus  Cytkerdla  is  the  type  of  another  group,  in 
which  the  valves  are  very  thick  and  calcareous,  and  are  not 
notched  in  front.  In  Cytherdla  itself  the  right  valve  is 
much  larger  than  the  left,  overlapping  throughout  the  whole 
cireuniference,  and  "presenting  round  the  entire  inner  margin 
a  distinct  groove,  into  which  the  valve  of  the  opposite  side 
is  received "  (G,  S,  Brady).  Tlie  genus  ranges  from  the 
Carboniferous  to  the  present  day ;  and  we  may  provisionally 
place  with  it  the  Cytherdlina  and  j^chmina  of  the  Silurian. 

Lastly,  we  have  the  great  group  of  Ostracodes  represented 
by  the  families  of  tlie  Cyprida  and  CythericUe,  "  including 
all  the  fresh-water  and  a  vast  majority  of  the  marine  Ostra- 
eoda,  and  embracing  all  the  forms  classed  by  the  earlier 
writers  under  the  two  great  genera  Cypris  and  Cythere "  (G. 
S.  Brady).  In  the  Cypridec,  as  typified  by  Cypris  (fig.  201, 
o)  itself,  the  valves  are  thm  and  smooth,  and  more  or  less 
Annate  below.  The  family  seems  to  have  attained  its  maxi- 
mum at  the  present  day,  but  it  is  represented  in  deposits  as 
old  as  the  Carboniferous  by  forms  which  are  believed  to  be 
referable  to  the  living  genera  Candona  and  Bairdia.  In  the 
CytheridcB  the  carapace  ia  hard  and  calcareous,  generally 
with  a  rough  or  uneven  surface.  This  family,  also,  is  mainly 
Becent,  Tertiary,  and  Secondary ;  but  it  is  represented  in 
the  Falieozoic  period  by  the  living  genus  Cythere,  and  by  the 
extinct  ThUpsura. 

Order  Phyllopoda. 

Ci-netacea,  mostly  of  small  size,  the  carapace  protecting  the 
head  and  thorax,  or  the  body  entirely  naked.  Fed  numerous, 
never  less  than  eight  pairs,  mostly  fdiaceous  or  leaf -Wee,  bran- 
chial in  function. 
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Most  of  the  living  Phyllopods  are  inhabitants  of  fresh 
waters,  but  some  live  in  the  sea  (Nebalia),  and  others  affect 
waters  which  are  abnonnally  salt  (Artmiia).  The  two  most 
interesting  recent  forms,  as  bearing  on  fossil  examples  of  the 
order,  are  Limnadia  and  Apus,  both  of  which  live  in  fresh 
water.  In  Limnadia  the  body  is  enclosed  in  an  oval  bivalve 
carapace,  and  there  ore  from  eighteen  to  thirty  pairs  of 
membranous  leaf-like  feet.  In  Ajtm  the  carapace  is  clypei- 
fonn,  and  protects  a  considerable  portion  of  the  abdomen ; 
and  there  are  sixty  pairs  of  feet,  of  which  all  but  the  lirst. 
pair  are  foliaceous. 


.— Uorphalog;  of  nrent  Phfllopodi.  i.,  Lf]^dvn 
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Leaving  out  of  sight  the  genera  Estheria  and  Learn,  the 
Phyllopods  are  almost  exclusively  Paleozoic  in  their  distribu- 
tion, and  are  chiefly,  though  not  exclusively,  known  by  their 
carapace-valves.  The  best-known  genera  are  the  Hymmo- 
caria  of  the  Lingula  flags ;  the  Caryocaris  of  the  Skiddaw 
Slates ;  the  Pdtoearis  and  Discinocaria  of  the  Silurian,  with 
their  aX^esAptychopsis,  Pierocai'is,  and  Cryptocaris;  the  CeraOo- 
caris  of  the  Silurian,  Pevooian,  and  Carboniferous ;  and  the 
DithyToearU  of  the  Carboniferous  Limestone.  These  forms 
have  ft  general  resemblance  to  one  another,  and  are  believed 
to  be  most  nearly  allied  to  the  recent  Aims,  whilst  they  aie 
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exclusively  Palaeozoic,     The  genus  Aspidomris,  however,  is 
allied  to  Dimiwcaris,  and  is  found  in  the  Triassic  period. 

In  Hymenocaris  (fig.  203,  S)  the  carapace  is  comparatively 
large,  sub -triangular,  apparently  not  bivalved ;  there  are 
nine  free  abdominal  segments,  and  the  last  carries  throe  pairs 


ng.  aos.— PiliroBilc  Phylloimdi.  o,  Ctratbratlt  jmj^io— Upper  BUn 
Hymtno<arU  vermicakda— Upper  Cumbrian  {Salter);  c,  DiKiwxnria  Bro 
Ibe  "  roitiuin  "— Lower  BlluiUn  (OiJgiDi]} ;  d,  Pttlocarii  aplgeluiida—huire 


of  unequal  lanceolate  appendages.  In  Caryocaris  the  cara- 
pace is  bivalved,  pod-shaped,  and  truncated  behind,  and  the 
last  abdominal  segment  carries  three  spines.  Allied  to  the 
preceding,  but  much  more  important,  and  with  a  much  wider 
range  in  time,  is  the  genus  Ceratiocaris  (fig.  203,  a).  In 
this  type  the  carapace  is  bivalve,  hinged  along  the  back,  the 
valves  being  semi-oval  or  pod-like  in  shape,  contracted  in 
front,  with  an  abrupt  posterior  truncation.  The  surface  of 
the  carapace  is  marked  with  fine  linear  stri%,  and  there  are 
fourteen  or  more  body-rings,  of  which  the  last  five  or  six 
were  free.     The  telson  is  composed  of  three  long  spinose 
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I  and  the  jaws  have  been  recognised  in  a  few 
instanceB,  either  detached  or  la  connection  with  the  body  of 
their  former  possessor.     Some  species  of  the  genus  reached 
a  great  size,  C.  I/udenMs  growing  to  a  length  of  two  feet     It 
has  also  been  shown  that  the  caudal  segments  of  some  speci- 
mens bear  gill-like  plates  freely  depending  from  the  under 
surface ;  aud  these  organs,  which   have  been  compared  with 
the   supplementary    abdominal   gill  -  feet   in 
Ndxdia,  by  Dr  Henry  Woodward,  were  prob- 
ably present  in  all  the  species  of  this  genus. 
IHihyrocaris  (fig.  204),  of  the  Carboniferous, 
is  allied  to  the  preceding  in  general  form, 
but  it  has   only  one   free   body-ring.      The 
teUon  consists  of  three  spines,  and  the  semi- 
oval  valves  are  marked  by  conspicuous  longi- 
tudinal ridges. 

Another  remarkable  group  of  Fhyllopods, 
of  which  all  the  known  forms  except  the 
Triassic  Aspidocaris  are  Palaeozoic,  may  be  mru  s^n.  vi*^ 
considered  to  be  typified  by  the  Silurian  J^p^",,'^,'!^  "" 
genus  Pdtocaria.  In  this  genus  the  carapace  ^«e-  t 
(fig.  203,  d)  is  approximately  circular,  and  h-c»t.) 
consists  of  two  valves  of  a  semicircular 
form,  which  are  united  along  the  back  by  a  straight  median 
binge.  The  valves,  however,  are  so  notched  in  front  as  to 
leave  a  space  which  is  completed  by  the  addition  of  a  third 
parabolic  valve  or  "  rostrum."  The  entire  carapace  is  con- 
centrically striated,  but  the  body-rings  are  unknown.  The 
Disdnocaria  of  the  Silurian  (fig.  203,  c)  is  very  like  the 
preceding,  but  the  two  lateral  valves  are  anchylosed,  and  the 
rostrum  is  triangular.  One  species  of  this  genua  attains  a 
diameter  of  seven  inches  across  the  carapace.  Aptychepsis, 
also  Silurian,  has  the  straight  "medial  suture"  and  triangular 
rostrum  of  Diacinocaris,  but  the  valves  are  united  by  a  dorsal 
suture,  as  in  Peltocaris.  Pterocaris,  from  the  same  formation, 
resembles  the  genus  just  mentioned,  but  the  valves  are  only 
united  by  suture  for  a  short  space  anteriorly,  while  they 
diverge  behind,  so  as  to  form  a  wide  posterior  notch.  Lastly, 
in  the  Silurian  Cri/plocaris  the  carapace  is  semicircular,  and 
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its  two  halves  are  united  in  front  at  an  umbonal  point, 
and  are  only  imperfectly  divided  behind  by  a  straight  ridge 
or  fold. 

More  -widely  distributed  than  any  of  the  preceding  ia  the 
genus  Estkeria  (fig.  202,  g),  which  appears  to  be  related  to 
the  living  Zimtiadia,  and  which  in  some  respects  constitutes 
a  connecting-link  between  the  Phyllopods  and  the  Ostracodes. 
The  body  in  Eatheria  is  enclosed  in  a  bivalve  carapace  (fig. 
205,  a),  and  tlie  feet  are  foliaceous.     The  valves  of  the 


carapace  have  a  well-marked  beak  or  "umbo,"  and  are  hinged 
to  one  another  along  a  dorsal  line.  Fi-om  these  circum- 
stances, and  from  their  being  marked  with  numerous  con- 
centric lines  of  growth,  the  carapace-valves  of  Estkeria  very 
closely  resemble  the  shells  of  certain  Bivalve  Molluscs,  for 
which  they  have  often  been  mistaken.  The  valves  are 
usually  sub-triangular,  ovate,  or  sub-quadrate  in  fono,  and 
they  possess  a  homy  texture. 

The  living  E^herUe  (fig.  202,  G)  are,  without  exception, 
inhabitants  of  fresh  or,  rarely,  brackisli  water ;  and  no  one 
of  the  recent  twenty-four  species  has  been  detected  in  the 
sea.  This  would  afford  a  strong  presumption  that  the  de- 
posits in  which  fossil  EstheruE  occur  were  deposited  in  fresh 
or  brackish  water ;  but  they  not  uncommonly  occur  in  con- 
junction with  undoubted  marine  remains.  They  appear,  on 
the  whole,  to  occur  most  frequently  in  those  accumulations 
that  "  have  been  decidedly  the  result  of  brackish-water  inun- 
dations, and  of  more  permanent  Is^oons"  (Jones).  Fossil 
Esiheria  occur   in  the    Devonian,  Carboniferous,  Permian, 
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Triasaic,  Jurassic,  Cretaceous,  and  some  Tertiary  deposits ; 
but  they  appear  to  have  attained  their  maximum  develop- 
ment towards  the  close  of  the  Triasaic  period. 

The  genus  Zeaia  (fig.  205,  b)  is  very  nearly  allied  to 
Estheria,  and  comprises  small  Bivalved  Crustaceans,  with 
"dark,  homy,  sub-qaadrate  valves,  obliquely  ridged  from 
umbo  to  angles,  and  ornamented  with  distinct  lines  of  growth 
parallel  with  the  border  "  (Jones).  Zeaia  is  a  very  widely 
distributed  genus,  but  all  the  known  species  belong  to  either 
the  Carboniferous  or  Penman  rocks.  It  has  been  si^gested, 
however,  that  the  obscttre  Silurian  genera  Myocaria  and  S'ib- 
eiria  are  allied  to  Zeaia. 

Lastly,  we  may  notice  that  a  Phyllopod  nearly  allied  to 
the  living  fresh-water  genu3  Bra-ncliipus  (fig.  202,  d)  has 
been  detected  by  Dr  Henry  Woodward  in  the  Eocene  forma- 
tion, and  has  been  described  by  Mm  under  the  name  SrancAi- 
podites  vedmsis.  The  much  older  Branchipuaiies  (r^htly 
Branehipodites)  anthradnus,  of  the  Coal-measures,  has  been 
supposed  to  have  similar  relationships,  but  this  cannot  be 
said  to  be  certainly  established. 


Order  Trilobita. 

Crustaceans  in  which  the  body  is  vgually  more  or  less  dts- 
tindly  trilobed;  there  is  a  cephalic  shield,  usuaMy  hearing  a 
pair  of  aemle  compound  eyes ;  the  thoracic  somites  are  movable 
upon  one  another,  and  an  very  variable  in  numier ;  the  ab- 
dominal segments  art  coalescent,  and  form  a  caudal  shield ; 
there  M  a  well-developed  upper  lip  or  "  hypostome." 

As  i^ards  the  general  structure  of  the  Trilobites,  the  body 
was  protected  by  a  well-developed  chitinous  shell  or  "  crust," 
which  covered  the  whole  dorsal  surface  of  the  body,  and 
which  usually  exhibits  more  or  less  markedly  a  division  into 
three  longitudinal  lobes  (fig.  206),  from  which  the  name  of 
the  order  is  derived.  In  some  cases,  however,  as  in  the 
genera  Homalonotus  and  Zllcenus,  this  trilobation  is  only 
obscurely  marked.  Though  closely  f^reeing  in  their  fun- 
damental features,    Barrande  observes    that  it  is  not  un- 
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common  for  the  aame  species  of  Trilobite  to  present  itself 
under  two  forms,  one  broad  and  the  other  long,  and  he 
regards  the  broad  forms  as  the  females,  and  the  long  forms 
as  the  males,  of  the  species. 

The  crust  exhibits  a  well-marked  division  into  three 
regions,  which  are  commonly  found  detached  and  separate 
from  one  another.  These  three  regions  are — 1,  a  cephalic 
shield ;  2,  a  variable  number  of  movable  "  body-rings "  or 
thoracic  segments ;  and  3,  a  caudal  shield  or  "  pygidium." 
The  cephalic  shield  or  buckler  (fig.  206)  is  generally  more 
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or  less  semicircular  in  shape,  and  is  composed  of  a  central 
and  two  lateral  pieces,  of  which  the  two  latter  may  or  may 
not  be  united  in  front  of  the  former.  The  central  portion 
of  the  cephalic  shield  is  usually  elevated  above  the  remainder. 
It  is  termed  tlie  "  glabella  "  (fig.  206,  g),  and  it  protected  tlie 
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region  of  the  stomach.  The  fonn  of  the  glabella  vaties  a 
good  deaL  Usually  it  is  widest  in  front  (flg,  207),  but  its 
width  may  be  nearly  uniform,  or 
it  may  be  widest  posteriorly  and 
contracted  in  front,  as  in  Caly- 
mene.  The  glabella  is  bounded 
at  the  aides  by  two  grooves, 
which  are  known  as  the  "axal 
furrows,"  and  ia  marked  off  be- 
hind by  a  third  groove,  whicli 
is  termed  the  "  neck  -  furrow," 
The  surface  of  the  glabella  may 
be  quite  smooth,  but  it  is  ordi- 
narily divided  into  "lobes"  by 
"  grooves,"  which  originate  in  the 
axal  fun'ows,  and  pass  inwards 
towards  tlie  middle  line  (fig.  207). 
These  furrows  mark  the  position 
of  the  segments  which  compose 
the  glabella,  and  they  are  some- 
times   continuous    from    side    to 

side.       Usually  there   are    three         ^i„fii:~''.'"^^^>T^ 
pairs  of  these   furrows,  a  lower 

or  basal,  a  middle  or  ocular,  and  an  upper  or  frontal  furrow  ; 
but  there  may  be  an  additional  pair  of  furrows  in  front  of 
these.  In  some  cases,  as  in  Illctnus  (fig.  212),  the  glabella 
is  very  indistinctly  marked  off  from  the  rest  of  the  shield. 

The  grooves  of  the  glal^lla  probably  mark  off  eo  many  tegmtntt,  to 
irhicb  organs  of  prehension  and  masticntion  u  ere  attached  inferioily,  and 
they  are  marked  internally  by  corresponding  ridget",  to  which  muscles 
must  have  been  attached.  Sometimes  {Ill/snui,  EUtptoeephalus,  En- 
(Ttnurui,  &c)  they  ate  obsolete,  as  also  occurs  in  particular  species 'of 
other  genera  {Trinueltut  and  j^gltna).  Typically,  three  pairs  of  grooves 
are  present,  but  Phacopi  has  four,  and  so  have  some  other  types. 

At  each  side  of  the  glabella,  and  continuous  with  it,  is  a 
small  semicircular  area,  which  is  termed  the  "  fixed  cheek  " 
(fig,  206,  fi).  The  glabella,  with  the  "fixed  cheeks,"  is 
separated  from  the  lateral  portions  of  the  cephalic  shield, 
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termed  the  "  movable  "  or  "  free  cheekB,"  by  a  peculiar  suture 
or  line  of  division,  which  is  kuown  as  the  "  facial  suture " 
(fig.  206,/).  No  such  pecnlisr  line  of  division  ia  known  to 
exist  in  any  recent  Crustacean ;  bat  there  is  a  faint  indi- 
cation of  it  in  lAmvius,  and  some  doubtful  traces  of  it  in 
certain  other  forms.  The  course  taken  by  the  facial  sutures 
differs  in  different  cases,  and  causes  an  important  difference 
in  the  structure  of  the  cephalic  shield.  In  some  cases  {Asa- 
pkns,  Pkaeops,  Homoionotus,  &c.)  the  fecial  sutures,  starting 
from  the  posterior  margins  of  the  buckler,  skirt  the  fixed 
cheeks,  and  join  one  another  in  front  of  the  glabella.  In 
these  cases  it  is  obvious  that  the  Iree  cheeks  form  a  single 
piece,  so  that  the  entire  shield  consists  of  but  two  portions 
— 1,  the  glabella  and  fixed  cheeks ;  and  2,  the  amalgamated 
free  cheeks.  In  other  cases  {Paradoindes,  Ilkenua,  Froetus, 
&c.),  the  facial  sutures,  instead  of  joining  in  &ont  of  the 
glabella,  are  continued  forward,  till  they  cut  the  anterior 
margin  of  the  shield  separately.  In  these  cases  the  free 
cheeks  are  discontinuous,  and  the  cephahc  shield  consists  of 
three  portions.  In  a  few  genera  (as  in  2Hnwieua,  Micro- 
discus,  and  Agnostus)  tlie  fadal  suture  is  absent,  in  which 
case  the  &ee  and  fixed  cheeks  are  fused  with  one  another. 

The  posterior  angles  ("  genal  angles  ")  of  the  free  cheeks 
are  very  commonly  prolonged  into  longer  or  shorter  spines, 
and  the  free  cheeks  also  bear  the  eyes.  The  eyes  are  com- 
pound, and  consist  of  an  aggregation  of  facets,  covered  by  a 
thin  cornea.  They  are  generally  crescentic  or  reniform  in 
shape,  and  are  invariably  sessile,  in  the  sense  that  they  are 
never  supported  upon  movable  stalks.  In  some  cases,  how- 
ever, they  are  carried  upon  longer  or  shorter  prominences. 
The  eyes  differ  much  in  size,  and  they  are  wanting  in  a  few 
forms,  such  as  Agnostus,  Ampyx,  some  of  the  Trinvdei,  and 
certain  forms  of  Conoc^halus.  Though  usually  facets  are 
easily  detected  in  such  as  have  eyes  of  any  size,  there  are 
some  (Brontms,  Arethusina,  Praetus,  Ac.)  in  which  the  eyes 
are  smooth.  In  any  case,  the  number  of  lenses  varies  greatly, 
there  being  as  few  as  fourteen  facets,  or  as  many  aa  fifteen 
thousand  in  each  eye  in  different  types  (Barrande). 

Behind  the  cephalic  shield  comes  the  thorax,  composed 
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of  a  variable  number  of  s^ments  which  are  not  soldered 
together,  but  are  capable  of  more  or  less  movement  upon 
each  other.  The  amount  of  movement  thus  allowed  varies, 
but  in  several  genera  {e.g.,  Calymene  and  Ulam-its)  it  was 
sufficiently  great  to  allow  of  the  animal  completely  rolling 
itself  up  after  the  manner  of  a  hedgehog.  The  number  of 
body-rings  or  segments  in  the  thorax  varies  from  no  more 
than  two  (Agnost-m)  to  as  many  as  twenty-six  (ITarpes  ungula). 
Ordinarily  the  thorax  (fig,  211)  is  strongly  trilobed,  and  each 
body-ring  exhibits  the  same  trilobation,  being  composed  of  a 


Fig.  SOS.— . 


central,  more  or  less  convex  portion,  called  the  "  axis,"  and 
of  two  flatter  side-lobea,  termed  the  "  pleuwe."  The  pleune 
are  in  one  piece  with  the  axis,  but  are  separated  from  it  by 
a  more  or  less  pronounced  groove,  the  "  axal  furrow,"  In 
one  type  of  pleune,  each  of  these  structures  carries  a  deep 
longitudinal  groove  or  sulcus  upon  its  upper  surface  (as  in 
Asapkv^,  Ogygia,  Pkacops,  Ccdi/mene,  &c.)  In  another  type, 
on  the  other  hand  (as  in  Cheinuits,  Bronteus,  Addaspis,  &c.), 
the  place  of  the  sulcus  is  taken  by  a  similarly  situated  oblique 
ridge.  The  pleurte  are  always  bent  downwards  towards  their 
ends,  and  (dso  commonly  bent  backwards  as  well,  the  point 
where  the  backward  curvature  begins  being  the  "  fulcrum  " 
of  Salter.  In  the  Trilobitea  with  grooved  pleune,  more 
especially,  the  pleune  imbricate  and  overlap ;  and  the  "  ful- 
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cram  "  of  each  is  often  bevelled  off,  bo  as  to  form  a  facet 
upon  which  the  pleura  immediately  in  front  plays,  thus 
allowing  the  animal  to  roll  up.  In  the  state  of  complete 
enrollment,  the  under  surface  of  the  pygidium  is  closely 
applied  to  the  corresponding  surface  of  the  head-shield,  thus 
entirely  concealing  the  ventral  aspect  of  the  animal.  Some 
forms  (such  as  Momal&iwtus,  lAchas,  Triarthrus,  Olenvs,  Par- 
adamdes,  j£glina,  &c.)  are  not  known  to  have  been  endowed 
with  the  power  of  rolling  up.  Though  the  trilobation  of  the 
thorax  is  usually  very  well  marked  (figs.  208-211),  at  other 
times  the  axis  is  very  broad,  and  the  axal  furrows  more  or 
less  inconspicuous.  This  is  the  case  in  lUamits  (fig.  212), 
and  to  a  less  extent  in  Hoinal<molus. 

The  caudal  shield  or  "  pygidium  " — commonly  called  the 
"  tail " — is  composed  of  a  greater  or  less  number  of  segments 
anchylosed  or  amalgamated.  Commonly,  the  pygidium  is 
trilobed  (fig.  211),  like  the  thorax,  and  consists  of  a  central 


elevated  "  axis "  and  of  a  marginal  "  limb."  The  limb  is 
separated  from  the  axis  by  axal  furrows,  and  usually  ex- 
hibits on  its  surface  the  lines  which  indicate  the  component 
pleuKe,  as  well  as  the  longitudinal  furrows  on  the  faces  of 
these.     The  extremity  of  the  pygidium  is  sometimes  simply 
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rounded,  with  an  "  entire  "  mai^n ;  but  it  may  be  prolonged 
into  a  shorter  or  longer  spine  or  "macro"  (fig.  207),  and 
the  ends  of  the  pleurae  may  also  be  extended  into  spine-like 
projections  (fig.  213).  The  number  of  rings  in  the  tail  varies 
from  two  {Sao  hirsiUa)  to  twenty-eight  (species  of  Ampkion). 
With  r^ard  to  the  condition  of  the  under  surface  of  the 
Trilobites,  the  progress  of  our  knowledge  has  been  slow,  and 
is  still  far  from  complete.  They  appear  to  have  lived  on 
muddy  bottoms,  in  shallow  water,  and  they  probably  swam 
on  their  backs,  as  do  the  modem  Ajma  and  the  larvse  of 
Limulut ;  but  in  spite  of  the  innumerable  specimens  which 


Pig.  113.— Glibelli  and  pygidlum  at  DarUmrptalia  magntfiau,  Quebec  Qroup 
(Lower  Stluriin).    (Alter  BUlingi.) 

have  been  exhumed  from  the  rocks,  the  only  structure  which 
had,  until  within  the  last  few  years,  been  detected  on  the 
lower  surface  was  the  upper  lip.  The  margin  of  the  head- 
shield  (as  that  of  the  pygidium  also)  is  turned  under  in  the 
form  of  a  downward  and  inward  inflection,  or  "doublure.;" 
and  to  the  centre  of  this,  in  many  forms,  is  attached  the 
"lip-plate."  The  shape  of  this  varies,  but  it  was  usually 
a  broad  forked  plate  situated  in  front  of  the  mouth,  and 
doubtless  corresponding  with  the  upper  lip — "  labrum "  or 
"  hypostome  " — of  living  Crustaceans,  its  form  closely  re- 
sembling that  of  the  lip-plate  of  the  recent  Ajfus,  one  of 
the  Phyllopods.     The  next  advance  in  our  knowledge  was 
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the  description  by  Dr  Henry  Woodward  of  a  specimen  of 
Asaphus  platycephalua,  in  vhicb,  in  addition  to  the  lip-plate, 
there  is  a  jointed  filament  (fig.  214, 
p),  apparently  springing  from  a  max- 
illa, and  beii^  the  remains  of  a  max- 
illary "  palpns." 

Still  more  recently,  a  specimen  of 
the  large  Trilobite,  Asaphus  platy- 
eephalus    (fig.    215),  vas    described 
by  Mr  Billings  as  possessing  organs 
Kg.  iu.~B<icciii  oiB""  of    ^hich  this  distinguished  p^seontol- 
TJSZa^'T^^i^Tl    '*^^*   '^Sftrds  as  being  the  remains 
niipm;«,M»xm»(D.  of  legs.     The  structures  in  question 

are  in  the  form  of  eight  pairs  of 
apparently  jointed  appendages,  which  correspond  with  the 
eight  segments  of  the  thorax,  arising  near  the  middle  line, 
and  curving  forwards.  Dr 
Henry  Woodward  corro- 
borates the  view  pro- 
pounded by  Mr  Billings, 
that  these  structures  are 
of  the  nature  of  ambula- 
torylegs.  ProfessorsDana 
and  Verrill,  on  the  other 
hand,  regard  these  re- 
mains as  being  "the 
semi  -  calcified  arches  in 
the  membrane  of  the 
ventral  surface,  to  which 
the  foliaceous  appendages 
or  legs  were  attached." 

The  last   additions  to 

our     acquaintance    with 

this  difficult  subject  have 

been  made  by  Mr  C.  D. 

ng.iis.-j-pp.u,pta,»^.«.   Lowrauuri.-.     Walcott,  whose  researches 

have  been  carried  on  by 

the    method   of   making    thin    transverse    and   longitudinal 

sections  of  rolled-up  specimens.     This  observer  has  shown 
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that  the  viscend  cavity  of  the  Trilobites  (fig.  21G,  b)  was 
bounded  inferiorly  by  a  tluD  membrane,  which  is  attached 
to  the  lower  mai^n  of  the  dorsal  crust  all  rounds  This 
ventral  membrane  was  strengthened  by  calcified  arches, 
which  in  turn  supported  the  append^es  beneath.  As 
to  these  latter  our  knowledge  is  not  yet  complete,  but 
we  know  that  there  existed  a  row  of  articulated  ap- 
pend^es  on  each  side  of  the  middle  line  below.  Tlie 
thoracic  appendages  seem  to  have  been  slender  five-jointed 
l^s,  in  which  the  terminal  segment  forms  a  pointed  claw. 


»  of  tbe  tlinnx  of  (Mynne  Knorio.  putlillf  icrtond  (Mer 
Doiml  cnirt;  b,  Vl»cM»l  c«rtly,  contlnned  UWnill)'  to  the  pleural 
1  enut ;  c,  Legi,  nahtnd ;  d.  EpIpodlU ;  (,  Spin!  gUli.     Enlai^od 


and  the  basal  segment  carries  a  jointed  appendage,  regarded 
by  Mr  Walcott  as  homologous  with  tlie  "  epipodite "  of 
many  recent  Crustaceans.  On  each  side  of  the  thoracic 
cavity  there  is,  also,  attached  a  row  of  bifid  spiral  appendages 
(fig.  216,  e),  of  the  nature  of  gills;  and  brancbifd  appen- 
dages were  probably  attached  to  the  bases  of  the  thoracic 
limbs  as  well.  With  regard  to  the  appendages  of  the  head, 
the  mouth  is  situated  behind  the  hypostome,  and  is  bounded 
by  four  pairs  of  jointed  manduQatory  appendages,  the  basal 
joints  of  which  are,  partly  or  wholly,  modified  to  act  as  jaws. 
With  regard  to  the  devdopTneni  of  the  Trilobites,  the  e^ 
have  been  noticed  by  both  Barrande  and  Walcott.  They 
are  spheroidal  or  cylindroldal  in  shape,  and  mostly  about 
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a  twenty-fifth  to  a  fiftieth  of  an  inch  in  diameter,  and  they 
seem  to  have  been  deposited  in  clusters.  The  larval  con- 
ditioa  of  the  Trilobites  is  only  known  in  certain  cases,  and 
it  is  possible  that  the  young  may  often  have  been  naked. 
This  subject  has  been  chiefly  worked  out  by  Barrande,  who 
baa  shown,  that,  so  far  as  our  present  knowledge  goes,  the 
development  of  the  Trilobites  follows  one  or  other  of  four 
principal  lines.  In  one  group  of  forms  (e.  g.,  Sao  hirsuta), 
the  moat  minute  larvte  observed  possess  a  head-shield,  but 
have  no  pygidium,  and  the  thorax  is  either  wanting  or 
rudimentary.  In  another  type  (Agnodus),  the  larva  has 
both  the  head -shield  and  pygidium  in  a  developed  con- 
dition, but  the  thorax  is  wanting.  In  a  third,  all  the  three 
regions  of  the  body  are  present,  but  the  thorax  and  pygidium 
are  at  first  incomplete ;  and  in  a  fourth  group,  though  the 
thorax  possesses  the  number  of  rings  proper  to  the  adult,  the 
pygidium  is  imperfect. 

Ab  to  their  mwfa  of  life,  the  Trilobites,  ae  before  lemarked,  geem  to 
have  delighted  in  muddy  bottoms,  though  often  found  in  limestones,  and 
they  must  have  frequented  particular  localities  in  vast  numbers.  In 
connection  with  this  subject,  we  may  briefly  jiotice  certain  tracks  or 
markings  in  the  rocks,  which  have  been  Bupposed  to  have  been  pro- 
duced by  these  eitraordiuary  extinct  Cnutaceana,  or  by  their  allies  the 
King-crabs  and  Eurypterids.  The  most  interesting  of  the  tracks  in 
ijuestion  are  those  which  have  been  described  by  Professor  Owen  from 
the  Potsdam  Saudstoiie  (Upper  Cambrian)  of  Canada,  under  the  name  of 
ProtichniUt.  The  tracks  upon  which  this  genus  is  founded  (Gg.  217, 
A  and  b)  consist  essentially  of  a  median  groove,  with  a  number  of  de- 
pressions or  footprints  on  e«cb  side  in  correspondiog  pairs,  these  being 
often  arranged  in  answering  groups,  of  seven  or  eight  pairs  each.  Some- 
times the  pits  or  footprints  axe  replaced  by  shallow  grooves,  on  each  side  of 
the  main  median  groove  (Gg.  217,  b).  The  tracks  a!  ProtvAniUi  indicate 
the  eiistence  in  the  Upper  Cambrian  of  some  animal  of  very  considerable 
size,  since  they  are  sometimes  half  a  foot  or  more  in  width.  That  the 
animal  producing  these  tracks  was  a  Crustacean  can  hardly  be  doubted ; 
the  median  groove  being  made  by  the  tail-spine,  ajid  the  lateral  mark- 
ings by  the  feet ;  and  as  we  know  that  large  Trilobites  actually  lived 
during  this  period,  it  seems  most  reasonable  to  suppose  that  we  have  in 
these  the  real  makers  of  the  tmcks.  Principal  Dawson,  however,  has 
shown  that  tracks  of  a  closely  similar  nature  are  formed  by  the  living 
King-crabs  (Limulut),  and  tie  would  therefore  ascribe  Pfoliehnita  - 
rather  to  the  Eurypterids.  The  same  eminent  observer  has  also  shown 
that  smaller  forms  of  ProtidmiUt  occur  in  the  Carboniferous;  and  he 
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ascribes  the^e  to  the  Limaloid  genua  BeUnuntt.  The  cnriouB  track 
known  as  Climactidinite$  (Gg.  217,  c)  is  likewise  found  in  the  Potadam 
fomistion,  and  consists  of  a  band  about  six  inches  wide,  crossed  by 
straight  ridges,  and  bounded  by  beaded  margiiiB.  Thene  were  probably 
formed  by  the  same  animal  as  that  which  produced  ProUdmiUt,  and 
Dawson  has  Bhown  that  the  living  Limulut,  when  it  nses  its  swimming 
feet,  gives  rise  to  a  ladder-like  track  of  the  same  kind.  Prof.  Chapman 
believes  that  both  Protichnita  and  CHmactiekniU*  are  really  of  vegetable 
origin.    The  only  other  fossil  which  need  be  mentioned  in  this  con- 


Fig.  SIT.— euppowd  CtoatacHUi  tiMki  uid  biuTowa.  ».  Portion  of  the  tnu;k  of  iVodcd- 
nila  aUrriau.  rrum  thv  Poljiduii  Suditonf,  inlucad  to  onc-tenUi  al  the  nitunl  tla; 
B.  Portion  of  the  Cnck  of  PnlldinUa  llnnUiK,  rmm  tlie  ume  ronutlon,  (imUu-ly  reduced ; 
c,  Portion  or  ClimaclictniUt  If  ilaoni,  rroni  the  Potsdun  Kroup.  reduced  to  one-thlrtlctJi  nf 
the  Ditun]  alie ;  d,  Rtaichniia  (Aiuop'iirciii)  bilabaiiu,  tram  the  Ciintoh  tortnatlDH  <Hiddla 
HUuriin),  reduced  one.luir    (Alter  Oweo  uid  IIilL) 

section  is  the  cnrions  Rimdmitei,  which  is  of  common  occurrence  in 
the  Silurian  of  North  America,  and  is  also  found  in  the  Carboniferous. 
Originally  described  as  a  plant  under  the  name  of  Rtuophyctu,  its  name 
was  changed  by  Dawson  to  Rueichnita,  in  accordance  with  bis  belief 
that  it  really  repreeentB  the  catit  of  the  burrows  of  Trilobites,  and  that 
it  can  be  shown  to  be  sometimes  connected  with  footprints  consiBting  of 
n  double  series  of  transverse  markings.  In  form,  Ruiicknitea  (fig.  217,  d) 
presenls  itself  as  an  oval,  cylindroidal  body,  deeply  furrowed  or  bilobed, 
by  means  of  a  longitudinal  sidcus,  the  lateral  halves  being  transversely 
ridged  or  grooved.  The  body  thus  constituted  may  be  independent, 
or  may  stand  in  apparent  connection  with  a  cylindrical  and  slender 
appendage. 

As  regftrds  their  zoological  affinUiea,  the  Trilobites  are 
related  most  closely  to  the  Fhyllopoda  and  the  JCiphomra, 
though  they  also  exhibit  pointa  of  agreement  with  the  Iso- 
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poda.     They  resemble  the  Phyllopode   principaDy  in   the 
indefiiiite  B^meotation  of  the  body,  and  in  the  likeness 
between   their  hypostome   and  the   lip-plate   of  the   recent 
Afus.     On  the  other  hand,  they  agree  with  the  Xipkomra 
iu  the  possession  of  compound  and  sessile  eyes,  in  the  pos- 
session of  thoracic  branchiee,  and  to  some  extent  in  the 
nature  of  their  mouth  -  organs,  so 
far  as  known.    Moreover,  the  larva 
of  the  recent  lAmvlus  {lig.  218)  is 
destitute  of  the  tail-apine  of  the 
adult,  and  in  many  respects  shows 
a    most    striking    resemblance   to 
certain  of  the  Trilobites,  and  espe- 
cially to  the  genus  TrinudeoB  (fig. 
230).     There   are,  however,  many 
and  important  differences  between 
Rg.  S18  -Lint  of  timujiu  on    the  Trilobites  and  the  Xiphomra. 
^My.  g».tir  .aiuged.  (Aft«r    Thus  the  fonnei  have  free  thoracic 
segments,  and  a  well-developed  hy- 
postome, while  there  are  no  ocelli ;  the  latter,  on  the  contrary, 
having  the  thoracic  segments  anchylosed,  the  limbs  entirely 
converted  into  organs  of  prehension  and  mastication,  the  hypo- 
stome rudimentary,  and  the  head-shield  furnished  with  ocelli 
as  well  as  compound  eyes.     Lastly,  the  Trilobites  E^ree  with 
the  Isopoda   in  possessing  compound   sessile  eyes,  in  hav- 
ing the  abdominal  somites  amalgamated  to  form  a  caudal 
shield,  in   the  occasional  power  of  rolling  into  a  ball,  the 
thoracic  segments  being  free  and  movable,  and  in  the  absence 
of  ocelli.      They  differ  from  the  Isopods  in  the  fact  that 
the  thoracic  segments  of  the  latter  are  always  definite  and 
almost  always  seven  in  number,  and  in  their  apparent  pos- 
session of  a  much  lai^er  number  of  locomotive  appendages. 

The  general  facts  as  to  the  distribution  of  the  Trilobita  in 
past  time  are  soon  told.  The  Trilobites  are  exclusively 
Palseozoic,  their  range  extending  from  the  Upper  Cambrian 
to  the  Lower  Carboniferous.  If  the  Falceopyge  Jtammyi  of 
the  Longmynd  beds  be  a  Trilobite,  then  the  order  has  its 
commencement  in  the  Lower  Cambrian.  In  the  Upper 
Cambrian  rocks  the  order    attained    a  wonderful  develop- 
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ment,  the  number  of  generic  and  specific  types  already 
known  from  this  formation  being  very  large,  'while  indi- 
viduals are  sometimes  extremely  abundant  Some  of  these 
so-called  "  Primordial "  Trilobites  attain  a  very  great  size, 
being  only  surpassed  amongst  later  forms  by  some  species 
of  Aaaphus.  They  mostly  belong  to  the  families  of  the 
Agnosiida,  Conoeepkalidce,  and  ParadoxidcB,  and  to  the  genera 
Paradoxide6,  Conocoryphe,  Sao,  JSlliptotxphalus,  Hydrocephd-us, 
Ariontll-as,  Dikdloctphalvs,  Sue.  Along  with  these,  however, 
are  genera  such  as  AgruxUua  and  Olm/aa,  which  pass  up  into 
the  Silnrian.  Some  of  the  "  Primordial "  Trilobites  are  not 
so  highly  organised  as  their  successors,  as  shown  by  the 
occasional  absence  of  eyes,  or  want  of  the  iacial  suture,  by 
the  imperfect  segmentation  of  the  glabella,  or  by  the  multi- 
plication or  diminution  of  the  number  of  the  body-rings ; 
bnt  others  do  not  exhibit  any  inferiority  to  those  of  later 
periods. 

In  the  Lower  and  Upper  Silurian  rocks  the  Trilobites 
attain  their  mxT''"""'  of  development,  the  leading  families 
being  the  Asaphidce,  Phacopidte,  Trinudrnda,  Ckmuridec, 
and  CalymenidtE,  and  the  chief  genera  being  Asaphus,  Ogygia, 
Fhaeopa,  Trimtdeus,  Ampyx,  Ckeirurut,  £ncrinurus,  Caly- 
mene,  and  Homalonotus.  In  the  Devonian  rocks,  again, 
Trilobites  are  tolerably  abundant,  though  less  so  than  in 
the  preceding  series.  The  commonest  Devonian  genera  are 
Phaeops,  Homalonatus,  and  BroiUeus.  Lastly,  the  order 
seems  to  die  out  before  the  close  of  the  Carboniferous 
period,  being  represented  in  the  Carboniferous  period  solely 
by  the  four  genera,  PMlipsia,  Braehymetopus,  Griffiihides, 
and  Proetua. 

In  the  following,  we  shall  give  a  brief  summary  of  the 
families  of  the  Trilobiia,  indicating  the  principal  genera  of 
each,  and  their  distribution  in  time.  No  strictly  zoological 
arrangement  of  these  families  is  as  yet  possible,  except  in  a 
general  sense,  but  we  have,  in  the  main,  adhered  to  the 
classification  proposed  by  M.  Barrande,  one  of  the  most 
illustrious  palaeontologists  of  the  age. 

1.  Hahpedid^ — Cephalic  shi^d  large,  and  horse-shoe- 
shaped,  its  posterior  angles  greatly  prolonged,  and  its  mar- 
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gin  or  "limb"  perrorated  by  pores  (fig.  219),  The  glabella 
is  conical,  the  eyes  small  and  of  few  facets.  There  are 
twenty-five  or  twenty-six  thoracic  segments, 
the  pleune  are  grooved,  and  the  pygidium  is 
extremely  small.  The  only  genus  of  the 
family  is  Sarpes  itself,  which  Is  character- 
istic of  the  Lower  and  Upper  Silurian. 

2.  Remopleukid.*. — In  this  family  the  head 
i.MSto"twm'"S  ^  greatly  developed,  semicircular  in  shape,  the 
Tpper  sunrimn  of    genal    angles    produced    into    spines.       Tlie 

Bohaud..       (Aftff      %    ,     ,,        °  ,.L       1  -^        1  J     .L 

Bamsdb)  glabella  shows  the  lateral  grooves,  and  the 

facial  sutures  unite  in  front  of  it.  Tlie  eyes 
are  very  long  and  are  reticulated.  There  are  eleven  body- 
rings,  with  grooved  pleurse,  and  the  pygidium  ia  very  small, 
and  is  often  reduced  to  two  segments.  This 
family  contains  only  the  single  genua  Jiemo~ 
plea-rides  (fig.  220),  which  is  confined  to  the 
Silurian  period,  occurring  in  both  the  Lower 
and  Upper  divisions  of  this  formation. 

3.  Pabadoxid.«  or  Olenid.c. — Head-shield 

well  developed,  crescentic,  the  genal  angles 

produced.       The    glabella    typically    widest 

anteriorly,  with  well-marked  grooves.     The 

Fig.  320.  ~  finnc    facial  sutures   nearly  parallel,    cutting  the 

'^anSrti^'^TAfur    iiead-shield  separately ;  the  eyes  lai^.    The 

Bunnde.)  body  IS  Very  long  (fig.  221,  a);  the  thorax 

has  from  twelve  to  twenty  segments,  with 

grooved  pleurse ;    the  pygidium  being  usually  small  and  of 

few  s^menta.     The  family  is  essentially  characteristic  of  tlie   , 

Upper  Cambrian, 

The  principal  genus  of  this  group  is  Paradoxides  itself  (fig. 
221,  a,  and  fig.  222),  with  its  long  and  trilobed  body,  some- 
times reaching  a  length  of  two  feet  or  more.  The  thorax  in 
this  genus  is  greatly  elongated,  and  consists  of  sixteen  or 
twenty  rings,  while  the  axis  of  the  pygidium  often  contains 
two  segments  only.  The  eyes  are  long,  reniform,  and  smooth. 
The  genus  is  characteristic  of  the  "  Primordial "  or  Upper 
Cambrian.  Plutonia  and  Anopolenus,  with  a  similar  geological 
range,  are  closely  related  to  Paradoxides ;  but  the  former  of 
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these  two  genera  has  a  narrow  glahella  and  a  tubercuhited 
surface,  while  the  latter  has  the  Jaat  two  pleurae  of  the  thorax 
dilated  and  bent  backwards,  aad  the  pygidium  has  wide 
lateral  lobes.  In  hydrocephalus,  again,  the  glabeUa  is  im- 
mensely iaBated,  with  a  median  longitudinal  groove ;  and 
the  facial  sutures  cut  the  outer  margins  of  the  head-shield, 
so  that  the  free  cheeks  become  much  reduced  in  size,  and 


Pig-  tiL — I'aratlaxuliF-  Anil  CowiaphMliiia,  a,  Pandatida  Briktmicvt,  ndaced  tn  ilu ;  h^ 
EUijaueepSaha  Hiigt ;  c.Sdo  Aimln;  d.  Conoa-TVT'u  Su^brri— (ill  the iibo>«,  logEUier with  Hg. 
a,  IK  ttom  the  Uiipor  CiiDbrliui  or  "  Pdmoidiil  Zona  "  of  Bohemlt) ;  t.  Bsad-dileld  or  Dikrl- 
loaplMiu  CiUiaa,  tTorn  the  UngnU  n»g»  of  W»1m  ;  /,  Beid-ahleld  of  CmiobwvjiA*  MaMnri, 
rroui  the  Upper  citmbHan  (AcAdUn  Onap)  of  Naw  Brnnairick ;  g,  Affvatut  nx,  BohflmU ;  A, 

~ if  DOnUaceplLattn  Mlnnaoliniii.  tmo  the  Upper  Cunbrian  (Potsdun  Sandetone) 

.    (After  BsTTUide,  Dnweoa,  Sillsr,  Md  Dele  Owen.) 


the  genal  spines  are  attached  to  the  fixed  cheeks.  Eyes  are 
wanting,  and  there  are  only  twelve  body-rings,  A  more 
important  and  widely  distrihuted  genus  of  this  family  is 
OUnua  (fig.  223),  in  which  the  general  characters  are  very 
similar  to  those  of  Paradoxides,  but  the  glabella  is  contracted 
.  in  front  so  as  to  become  conical,  and  its  furrows  are  often 
extended  completely  across  it ;  there  are  only  fourteen  hody- 
ringa ;   and   the  pygidium   is   well   developed.      Parabolina 
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includes  Olem  with  only  twelve  body-rings,  and  is  wholly 
Upper  Cambrian,  while  Olvtms  appears  to  survive  in  much 
diminished  numbers  in  the  Lower  Silurian.  Several  other 
genera  belong  to  this  family,  but  the  only  one  which  needs 
mention  is  DiJcdlocephalvs  {^^  213  and  221,  A),  in  which 


F^.  itl.—FaraimifUt  Uiaaac.    Upper  Cunbriin.    (liter  Smkhl) 

the  most  strikii^  feature  is  the  bioad,  fan-like,  often  spined 
tail,  with  its  short  many-ringed  axis.  The  facial  sutures  are 
united  in  front  of  the  glabella  (Billings),  and  the  transverse 
grooves  of  the  glabella  are  like  those  of  many  Oleni  in  join- 
ing from  side  to  side.  The  genus  is  Upper  Cambrian,  but 
appears  to  occur  also  in  the  lowest  Silurian  deposits. 

4.  COKOCEPHALID^ — This  family  is  a  convenient  one  to 
retain,  though  it  does  not  seem  at  present  possible  to  separate 
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it  from  the  preceding  by  any  rigid  definition.     Ite  membere 

resemble   the    Paradoscidfc  m    general    characters,    but    the 

glabella  is  narrow  in  front,  or,  at  any 

rate,  not  dilated  in  this  region,  and  the 

tail    is    usually  moderately   developed, 

while   the    thoracic    rings    are   not    so 

numerous  as  in  the  typical  forms  of  the 

latter.      The  type-genus  ia  Ccmocorypke 

or  CoTwcephaliies   (fig.    221,  d  and  /), 

which  has  resemblances  to  both  Olemts 

and   Calymene,  its  glabella  approaching 

that  of  the  latter  in  its  comparatively       j.^^  sh.-uUh,,,  mim,- 

tn^at  posterior  width  and  its  contraction    ™.  Tom  «,« Lingua  piiga. 

■         1.  T.  i<         I  <AnerB»lMr.) 

in  front.       Eyes  are  usually,   but   not 
always  present ;    the  facial  sutures  are   discontinuous ;  the 
fixed  cheeks   are  large   and   the    free  cheeks  small ;    and 
there   are  fourteen  or   fifteen  body  -  rings,   while   the   tail 


has  from  two  to  eight  rings.  The  genus  is  represented 
by  very  numerous  species  in  the  Upper  Cambrian.  £1- 
lipaocephaliis  (fig.  221,  h)  is  related  to  the  preceding,  but 
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the  glabella  ia  Bubquadrate,  smooth,  and.  convex,  and  there 
are  twelve  to  fourteeD  body -rings.  Angelina  (fig.  224) 
is  another  0pper  Cambrian  genua,  with  affinities  to  Olenus. 
Its  glabella,  however,  is  destitute  of  grooves,  and  the  tail  is 
composed  of  four  or  five  rings,  while  the  body-segments  are 
fifteen  in  number.  The  genuB  Sao  (fig.  221,  c),  of  the  same 
formation,  is  a  liiilf  between  the  present  family  and  the  Para- 
doffidw.  It  is  distinguished  by  its  prominent  furrowed  glabella, 
the  possession  of  seventeen  body-rings,  and  the  minute  tail  of 
two  segments  only.  AnoruUvs,  also  Cambrian,  has  sixteen 
body-rings,  and  three  caudal  s^ments ;  and  the  allied  genus 
MeaoecpluUus,  of  the  Lower  Silurian,  is  chiefly  separated  from 
the  former  by  its  much  more  convex  glabella.  Lastly, 
Batkywnis  (Upper  Cambrian  and  Lower  Silurian)  and  Batky- 
vrdlus  (Lower  Silurian)  form  in  some  respects  intermediate 
types  between  the  Corwcephalidw  and  the  Asapkidee;  and 
the  Glenoid  genus  Triaftkrus  survives  to  near  the  middle  of 
the  Lower  Silurian  period. 

5.  B0REMILLID£. — This  family  contains  only  the  Silurian 
genus  Bohemiila,  characterised  by  its  greatly  developed  head, 
the  glabella  being  of  lai^e  proportionate  size,  with  four  pairs 
of  lateral  grooves,  the  hinder  ones  of  which  pass  completely 
from  side  to  side,  so  as  to  divide  this  region  of  the  head  into 
regular  rings  or  segments,  closely  resembling  those  of  the 
thoracic  axis.  The  eyes  are  lai^e  and  reticulated ;  the  course 
of  the  facial  sutures  is  unknown ;  the  genal  angles  are  pro- 
longed into  long  spines,  directed  transversely  rather  than 
backwards ;  and  the  thorax  and  pygidium  are  not  clearly 
marked  off  from  one  another,  the  former  consisting  apparently 
of  five  segments  and  the  latter  of  two. 

6.  Phacopid/E. — In  this,  one  of  the  best  marked  and 
most  typical  of  the  families  of  the  Trilobites,  the  head  is 
well  developed,  the  glabella  conspicuously  broadest  in  front, 
with  three  lateral  grooves,  and  the  facial  sutures  united  in 
front  of  the  ^riiella,  and  cutting  the  outer  margins  of  the 
cephalic  buckler  behind.  The  eyes  are  large  and  faceted 
(fig.  225) ;  there  are  eleven  body-rings,  with  grooved  pleune; 
and  the  condition  of  the  pygidium  is  variable.  The  genua 
PJtacops  itself  (with  the  aub-genera  TrimfTOc^kalm,  Phacops 
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proper,  Acasie,  Chasmops,  Dalmanites,  and  Cryphams)  forms 
the  entire  family,  and  ranges  from  the  base  of  the  Lower 
Silurian   to   the  Devonian,  inclusive.     Some  of  the  aboi-e- 
mentioned  subgenera  may  perhaps  be 
of  generic  value ;  but  they  are  none  of 
them  separated  by  conspicuous  charac- 
ters from  Phacopa  proper. 

7.  Calymenid^. — In  this  family  the 
crust  is  often  tuberculated  or  granulated; 
the  head  is  well  developed;  the  glabella 
is  widest  behind  ;  and  the  facial  sutures 
are  discontinuous,  and  terminate  at  the 
posterior  angles  of  the  cephalic  shield. 
There  are  thirteen  segments  in  the 
thorax,  with  grooved  pleune ;  the  tail 
is  of  moderate  size ;  and  the  condition 
of  the  eyes  is  variable.  In  Calymene 
itself  (fig.  210)  the  head  is  usually 
crescentic,  with  rounded  genal  angles ; 

and  the  gkbeUa  ia  cODical,  stongly  „2-,„"-Cr«S. 
convex,  with  deep  axal  furrows,  and  'J""^"!''  j!  Brinin  «nd 
divided  by  three  deep  lateral  grooves 
on  each  side,  all  the  "  lobes  "  thus  formed  being  globose,  and 
the  hindmost  being  the  lai^est.  The  eyes  are  minute  and 
reticulated,  but  are  rarely  recognisable.  The  tail  is  convex, 
with  a  well-marked  axis,  and  the  hypostome  is  forked.  The 
genus  is  found  both  in  the  Lower  and  Upper  Silurian,  and 
the  three  best  known  species  are  the  nearly-allied  C.  Bluvien- 
bachii,  C.  senaria,  and  C.  brevicapUata.  The  genus  Homa- 
lonotus  is  the  only  other  member  of  this  family,  and  agrees 
with  Calymene  in  most  respects.  The  glabella,  however  (fig. 
226),  is  almost  destitute  of  any  trace  of  lobation,  while  the 
body  is  greatly  elongated  and  ia  but  faintly  trilobed.  The 
best  known  species  is  the  Homahmotiis  ddpMnocephalus  of 
the  Upper  Silurian. 

8.  FfiOETlDiC.  —  In  this  family  the  head  is  of  variable 
size,  semicircular,  sometimes  with  rounded,  sometimes  with 
spinose  genal  angles.    The  facial  sutures  are  not  continuous ; 

VOL.  I.  2  a 
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there  are  eight   to  twenty -two  body -rings,   -with   grooved 
pleurse ;  and  the  eyes  are  smooth. 

In  Froetus  itself  (fig.  228, 
c)  the  head-shield  is  semicir- 
cular; the  glabella  has  three 
pairs  of  lateral  farrows ;  tlie 
eyes  are  large,  semicircnlar,  of 
numerous  facets,  covered  by  a 
thin  cornea ;  there  are  eight  or 
'  ten  body-rings,  and  the  tail  has 

an  "  entire  "  border.     The  genus 
ranges  from  the  Lower  Silurian 
to  the  Carboniferous,     Cypha^pis 
(fig.    228,    B),  of   the   Silurian, 
differs  from  the  preceding  cMef- 
ly  in  its  more  convex  glabella, 
with  circumscribed  basal  lobes, 
its  ovoid  and  remote  «yes,  and 
the    generally   greater   number 
(fifteen    to    seventeen)    of   the 
body  -  rings.       Aretkusina    (fig. 
228,  A),  also  Silurian,  has  its 
glabella  much  shortened,  while 
the  body-rings  are  as  many  as 
twenty-two  in  number.       Car- 
mon  is  another  Silurian  genus 
allied    to   Froeius,   but   it    has 
neither  eyes  nor  facial  sutures,  and  it  possesses  eleven  body- 
rings.   The  genus  Harpides  (apparently  =  Erinnys  of  Salter)  is 
an  interesting  type,  which  appears  to  be  intermediate  between 
the  Proftidce  and  Olenidce,  and  which  carries  back  the  range 
of  the  former  into  the  Upper  Cambrian.     It  has  the  "  limb  " 
of  the  head-shield  very  wide,  and  covered  with  a  network  of 
radiating  and  bifurcated  nervures.    .  On  the  other  hand,  the 
ProeiidfB  are  represented  in  the  Carboniferous  rocks,  not  only 
by  Froettts  itself,  but  also  by  the  genera  Phillipsia,  GrigUk- 
ides,  and  Brachymetojms,  some  of  which  have  been  detected 
in  North  America  in  deposits  of  the  age  of  the  Coal-measures, 
and  which  are  the  most  modem  e^tamples  of  the  order  Triio- 
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bita  at  present  known  to  us.     In  PhUlipsia  (fig,  227)  the 
general  form  is  like  that  of  Proetus,  hut  there  are  only  nine 
body-tings.     The  tail  is  seminDval,  distinctly  segmented,  and 
with  an  "  entire  "  mai^n ;   and  the  eyes  are 
large,  reticulated,  and  Feniform.     Gri£Uhides 
resembles  PhiUipsia    in   having   nine   body- 
rings,  but  the  glabella  is   pyriform,  and  is 
destitute  of  lateral  furrows,  while  the  eyes 
are  small 

9.  LiCHADiE, — In  this  family  we  have  only 
the  Silurian  genus  Lichas{fig.  228,d)  in  which 
the   head   is   very   convex,  and    the   frontal 
grooves  of  the  glabella   are  extended  back-    rtiKm(«y^,  orth^ 
wards,  so  as  to  enclose  a  central  lobe.     The    EJJ,'^^    ^"' 
facial  sutures  are  discontinuous,  and  the  eyes 
are  small  and  smooth.  There  are  eleven  segments  to  the  thorax, 
with  grooved  pleuree;  and  the  pygidium  is  larger  than  the  head. 


Fig.  V&.—x.  B«ul.ihleM  of  ArrlkMSi!M  Kmi-ic 

otC'tphn'pUn; 

.ieW  mU  t 

^\tl<i  at  AcMaipli  HtirKal.    SiLntiin.    (Afl«t  B 

mande.) 

*  and  often  presents  prominent  spinose  ends  to  its  component 
rings.     Tiie  crust  is  superticially  more  or  less  tubetculated. 
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10,  AciDASPlD.e. — Like  the  preceding,  this  family  con- 
tains only  a  siu^e  genus — viz.,  Addaspis  itself.  In  thia 
characteristically  Upper  Silurian  type  (fig.  228,  e),  the  usual 
form  of  the  head-shield  in  the  Trilobites  ia  somewhat  masked, 
the  trilobation  being  rendered  indistinct  by  the  presence  of 
an  additional  and  secondary  pair  of  axal  fuirova,  which  mark 
off  a  central  inflated  portion  of  the  glabella.  The  thorax 
has  nine  or  ten  rings,  with  ridged  pleurae,  which  are  termi- 
nated by  spines ;  while  the  tail  is  very  small,  and  has  its 
margin  fringed  with  spineg.  The  facial  sutures  are  con- 
tinuous, and  the  eyes  are  smooth.  The  species  of  Addaspis 
are  usually  readily  recognised  by  their  highly  ornamented 
and  spinose  crust. 

11.  TRiNUCLBiD.ffi. — In  this  singular  family  {fig.  229)  the 
head-shield  is  enormously  developed,  with  a  wide  margin  or 
"  limb,"  which  is  usually  perforated  by  rounded  pores.     The 


Fig.  230.— rrinucitiu  PongtmnK—ltma  Siluriui.    Tbe  right-hand  figun  repreHnts 
*  venlc*!  aevtioQ  of  >  roUal-np  ■pecUnen. 

glabella  is  well  marked,  but  eyes  are  usually  wanting,  and 
the  facial  sutures  may  be  absent.  The  body-rings  are  re- 
duced to  five  or  six  in  number,  with  grooved  pleui-se ;  and  the 
tail  is  large  and  sub-triangular.  The  family  contains  the 
three  principal  genera,  Trinucleus,  Dionide,  and  Anvpyx,  all  of 
which  are  Silurian  in  their  range ;  and  its  zoological  affinities 
seem  to  be  with  the  Marpedidce.  In  the  well-known  and  - 
widely-distributed  genus  Trinvdeas  (figs.  229,  230)  the  body 
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13  distinctly  trilobed  ;  the  "  limb  "  of  tlie  head-shield  is  com- 
posed of  two  lamellse,  and  is  perforated  by  numerous  larger 
or  smaller  foramina ;  and  the  "  genal  angles  "  are  prolonged 
into  conspicuous  spines  which  are  usually  single,  but  are 
forked  in  T.  Pimgerardi.  The  glabella  is  prominent  and 
pyrifonn,  with  mere  traces  of  lateral  grooves,  the  facial 
sutures  being  rudimentary,  and  the  cheeks  beii^  tumid,  and 
generally  furnished  on  each  side  with  a  small  tubercle 
seemingly  representing  the  eyes.  There  are  six  body-rings ; 
and  the  tail  is  triangular,  with  a  distinct  axis,  and  having 
its  mai^in  entire  and  striated.  The  genus  Dionide  has  a 
sub-quadrangular  glabella;  and  the  "  limb"  of  the  head-shield, 
though  perforated,  is  rudimentary,  and  by  absence  of  the 
facial  sutures  becomes  continuous  with  the  cheeka.  The 
eyes  are  wanting,  and  there  are  six  body-rings.  In  the 
curious  Lower  Silurian  genua  Ampyx  (fig,  231)  the  head 
is  sub-triangular,  with  spinose  genal  angles,  and  without  a 


.    Lover  Silniiim. 


perforated  "limb."  The  glabella  is  prolonged  forwards  in 
front  of  the  head-shield  as  a  triangular  process,  which  is 
often  extended  into  a  long  spine,  while  its  lateral  grooves  are 
obsolete,  and  eyes  are  wholly  wanting.  The  facial  sutures 
are  present  and  are  discontinuous.     There  are  five  or  six 
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body-rings,  and  the  tail  is  sub -triangular.  Endymwn  is 
allied  to  both  Trinvclms  and  A-mfyx,  but  wants  the  perforated 
border  of  the  fotmer,  and  the  prolonged  glabella  and  genal 
spiues  of  the  latter. 

1 2,  AsAPHiD-«. — Large  Trilobites,  generally  oval,  and  never 
furnished  with  spines  or  tabercles  on  their  surface.  The 
eyes  smooth,  and  the  facial  sutures  terminating  on  the  pos- 
terior margin.  The  cephalic  and  caudal  shields  generally  of 
large  size,  the  glabella  of  the  former  often  obscure,  and  the 
latter  sometimes  exhibiting  no  indication  of  its  component 
segments.  The  body-rings  usually  eight  in  number,  with 
grooved  pleime.  The  famOy  is  characteristically  Lower 
Silurian,  and  the  two  principal  genera  are  Amphus  and 
Ogygia.  In  the  genus  Asapkiis  (figs.  211,  215,  232)  the 
general   trilobation   is  somewhat  indistinct,  and  the  caudal 


shield  is  at  least  equal  to  the  head  in  size.  The  genal 
angles  of  the  head-shield  may  be  rounded  or  spinose,  and 
the  glabella  is  not  marked  off  by  conspicuous  axal  furrows. 
The  facial  sutures  are  discontinuous,  the  eyes  crescentic,  the 
hypostome  deeply  forked,  and  the  pygidium  may  or  may  not 
sliow  a  conspicuous  axis,  its  hinder  extremity  beiug  usually 
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rounded,  and  ita  margin  always  entire.  This  important 
genus,  though  not  unknown  in  the  Upper  Cambrian,  is  char- 
acteristic of  tJie  Lower  Silurian,  in  which  it  is  represented 
by  numeroua  species,  some  of  which  attain  the  extraordinary 
size  of  two  feet  in  length.  The  genus  Ogygia  (also  Lower 
Silmian)  is  closely  allied  to  Asapkus  in  general  form  and 
proportions.  The  axis  of  the  tail  is,  however,  more  conspic- 
uously marked  than  in  most  Aaapki  (fig.  233),  the  hypo- 
stome  is  rounded  and  not  cleft,  the  glabella  is  distinctly 
furrowed,  and  the  pleurae  of  the  thorax  have  only  rudimen- 
tary "  fulcra."  Nwbe,  of  the  Upper  Cambrian,  is  an  early 
form  of  this  family,  which  is  intermediate  between  Asaphvs 
and  Ogygia,  having  the  round  hypostome  and  lobed  glabella 
of  the  latter,  while  it  approaches  the  former  in  its  wide 
glabella  and  its  obtuse  and  faceted  pleurie.  Barrandia  and 
Stygina  asz  both  related  to  Ogygia ;   and  the  Upper  Cam- 


brian genus  PgUocephal-as  forms  a  link  between  Asaphus  and 
lUwnus;  while  the  genua  NUeus  may  be  almost  indifferently 
placed  with  either  the  Asaphidce  or  the  Illeenida. 

13.  IlL£Nid^. — In  this  family  the  head  and  taO  are 
greatly  developed,  and,  as  in  Amphidm,  are  approximately 
equal  in  size  (fig.  234).  The  glabella  is  broad  and  rounded, 
destitute  of  lobes,  and  with  the  axal  furrows  hardly  at  all 
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marked.  There  are  eight  to  ten  body-rings ;  and  the  axis 
of  the  tail  is  truncated  or  wantiug,  and  in  no  case  exhibits 
definite  segmentation.  The  free  cheeks  are  extremely  small ; 
the  facial  sutures  are  separate ;  and  the  eyes  are  crescentic 

If  NUeua  be  regarded  as  belonging  to  the  AsaphicUe,  the 
only  ■well-defined  genua  in  this  family  is  IlUenm  itself  (fig. 
234).  In  this  genus  the  head  is  lai^e,  convex,  and  tumid, 
aa  is  also  the  tail,  the  glabella  and  pygidial  axis  being  hardly 
marked  out,  and  being  wholly  unsegmented.  In  the  typical 
forms  of  this  greup  {Illwnus  proper),  the  axis  of  the  thorax 
is  not  disproportionately  wide,  and  the  ax^  furrows  are  dis- 
tinct ;  but  in  others  {BumaMus),  the  thoracic  axis  is  extremely 
wide,  and  is  hardly  separated  from  the  pleurae  by  recognisable 
axal  furrows. 


Fig.  MS.—*,  .€jHna  pr<*o— Upper  O 
fillurlBD ;  c,  Head-ihleltl  of  Anfiiitm  FUditH~i 
Sphafistidua  nirut— Lov«r  SUuiimi.    (After  Burande  uid  Stlter.) 

14.  jEglinid-E.  —  This  family  contains  only  the  single 
genus  ^giina  (fig.  235,  a),  of  the  Upper  Cambrian  and 
Lower  Silurian,  and  is  chiefly  distinguished  from  the  preced- 
ing by  the  much  latter  size  of  the  eyes,  and  the  smaller 
number  of  body-rings.  The  head  and  tail  are  both  of  large 
size,  the  latter  with  a  truncated  axis ;  the  glabella  is  not  con- 
spicuously marked  out ;  the  facial  sutures  are  discontinuous  j 
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and  the  eyes  are  eztremelj  large  and  reticulate ;  while  the 
s^pients  of  the  thorax  are  reduced  to  five  or  six  in  number. 
16.  Cheirurid^ — In  tliia  large  and  important  family  the 
head-shield  is  well  developed,  with  discontinnous  facial  su- 
tures, which  temiinate  on  it«  outer  mai^in.  The  glabella 
ia  usually  highly  convex  or  tumid,  with  well-marked  axal 
furrows  and  lateral  grooves.  There  are  ten  to  twelve,  gener- 
ally eleven,  body-rings,  and  the  pygidium  ia  small,  of  from 
three  to  five  segments,  the  pleuise  terminating  in  free  ends. 
The  family  ranges  ftom  the  tipper  Cambrian  to  the  Devonian, 
but  ia  principally  characteristic  of  the  Silurian  rocks.  In 
Cheirurus  itself  (fig.  235,  b)  the  head  is  semicircular,  with 
rounded  or  pointed  genal  angles,  and  with  &  strongly-arched 
glabella,  which  is  deeply  grooved  by  the  lateral  furrowa. 
There  are  generally  eleven  body-ringa,  with  ridged  or  slightly 
grooved  pleuree;  and  the  tail  has  a  well-marked  axis  of 
four  rings,  its  pleune  being  prolonged  into  points  or  spines. 
Ampkion  (fig,  235,  c)  is  nearly  related  to  Cheirurus,  but  has 
from  fifteen  to  eighteen  body-rings,  and  exhibits  minor  dif- 
ferences aa  weU.  Placoparia,  again,  agreea  with  Cheirurua 
in  havii^  eleven  body-rings,  and  also  in  the  form  and  loba- 
tion  of  the  glabella,  but  it  is  destitute  of  both  eyes  and  facial 
sutures,  as  is  also  the  genus  Areia.  Spkcerexochus,  lastly, 
(fig.  235,  d),  whQe  agreeing  with  C/uiiruru3  in  its  eleven 
body-ringa  and  in  the  form  of  its  tail,  is  distinguished  by  the 
extreme  inflation  of  the  glabella,  and  the  presence  of  no  more 
than  three  segments  in  the  pygidium.  We  may  also  place 
here  the  very  singular  and  aberrant  SUurian  genera  Slauro- 
cfphalus  and  JDeiphon,  In  the  former  of  these  the  general 
characters  correspond  with  those  of  Cheirurus,  but  the 
anterior  or  "frontal"  portion  of  the  glabella  is  enormously 
swollen,  and  forms  a  great  globular  projection  in  advance  of 
the  line  of  the  cheeks.  In  the  still  more  curious  Bdphon 
the  fixed  cheeks  are  rudimentary,  and  are  reduced  to  two 
curved  spines,  which  sprii^  from  the  sides  of  the  swollen 
glabella,  and  carry  the  faceted  eyes,  while  the  iree  cheeks 
are  obsolete.  The  axis  of  the  tail  is  formed  of  four  or  five 
rings,  and  the  pleures  are  prolonged  into  two  spines  on  each 
side,  one  of  these  being  formed  by  the  first  s^ment  only, 
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vbile  the  other  and  much  laiger  one  is  made  ap  of  the  am&I- 
gamated  extremities  of  the  retaaiiung  s^menU. 

16.  EscRUiCEiD^ — This  family  is  principally  or  exclusively 
characteristic  of  the  Upper  and  Middle  Silurian  periods,  and 
is  related  to  the  preceding  through  the  intervention  of  Amr- 
phum.  The  head  is  fairly  developed,  the  genal  angles  rounded 
or  pointed,  and  the  facial  sutures  discontinuous,  and  cutting 
the  outer  angles  of  the  cephalic  huckler.  Eyes  are  present, 
though  not  of  large  aize,  and  the  glabella  may  or  may  not 
exhibit  distinct  lateral  grooves.  The  surface  is  tuberculated, 
and  some  or  all  of  the  body-rings  may  bear  spines.  The 
thorax  consists  of  eleven  segments;  and  the  tail,  though 
moderate  in  size,  has  a  veil-marked  axis,  which  is  composed 
of  very  numerous  rings. 


BUiuiu.    (After  BuTude.) 

In  Encrinunis  (fig;  236,  a)  the  glabella  is  pyriform,  strongly 
tuberculated,  with  tJie  lateral  furrows  almost  obsolete.  The 
body-rings  are  eleven  in  number,  and  the  axis  of  the  pygi- 
dium  is  composed  of  extremely  numerous  rings.  The  genus 
is  characteristic  of  the  Middle  Silurian  or  of  the  base  of  the 
Upper  Silurian  (Llandovety  period).    In  Cromus  (fig.  236,  b) 
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the  glabella  has  four  well-marked  lateral  grooves ;  the  eyea 
are  small  and  ovoid ;  and  the  pygidium  looks  like  a  con- 
tinuation of  the  thorax,  its  axis  being  composed  of  from 
twelve  to  twenty-eight  segments.  Lastly,  Cybde  (not  Zetkus) 
has  four  lateral  grooves  to  the  glabella  (fig.  236,  c),  the  eyes 
being  clavate,  the  body-rings  twelve  in  number,  and  the  ends 
of  the  pleurae  being  spiuose,  and  directed  conspicuously  back- 
wards in  the  region  of  the  tail. 

17.  DlNDYMENlD.^;  (  =  Zethid.^  of  Barrande). — In  IHndy- 
mene,  of  the  Silurian  formation,  the  only  genus  which  can  be 
certainly  referred  to  this  family,  the  head-shield  b  semi- 
circular, with  a  tiunid  glabella,  destitute  of  lateral  grooves. 
There  are  no  eyes,  nor  facial  sutures ;  and  the  cheeks  are 
tumid,  as  in  T^inudeus.  There  are  ten  body-rings,  and  the 
tail  is  large  and  distinctly  segmented.  Barrande  calls  this 
iamily  ZethOa,  and  includes  in  it  the  genus  Zetkus.  This 
genus,  however,  is  in  a  dubious  position,  the  forms  included 
under  this  name  by  British  palaeontologists  being  referable 
to  Cybele,  and  therefore  belonging  to  the  EncrinuridcB,  while 
the  same  appears  to  be  the  case  with  one  of  the  two  species 
— Cybele  {Zetkus)  bellaivia — quoted  and  figured  by  Barrande. 

18.  Bronteid.*. — This  family  includes  the  single  genus 
Brtmieus  (or  Brtmies)  of  the  Silurian  and  Devonian.  In  this 
well-marked  type  (fig.  236,  d  and  e)  the  most  striking  fea- 
ture is  the  caudal  shield,  which  Is  as  large  aa,  or  lai^er  than, 
the  head,  ^ways  more  or  less  fan-shaped,  the 

axis  being  rudimentary,  and  the  "  limb  "  gi'eatly 
developed.  The  bead  -  shield  is  trilobed,  the 
glabella  being  dilated  in  front,  the  facial  sutures 
being  separate,  and  the  eyes  annular.  There 
are  ten  thoracic  segments,  and  the  pleurse  are 
ridged. 

19.  Agno8tid.*l — This,  the  last,  family  of  the 
Trilobites  includes  a  number  of  small  forms  of  _ 
this  order,  which  range  from  the  Upper  Cambrian    wkw  prim*,-. 
to  near  the  summit  of  the  Lower  Silurian.    The    (^^s3ter.) 
cephalic  and  caudal  shields  in  this  group  are 

nearly  equal,  and  are  very  similar  to  one  another  in  form  and 
markings.     The  thoracic  segments  are  reduced  to  only  two 
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in  number,  with  grooved  pleu«e ;  and  both  eyes  and  facial 
sutures  are  totally  wanting.  The  type-genus  of  the  family 
is  Ag7u>8ivs  itself  (fig,  237),  which  is  represented  by  numer- 
ous forms  in  the  Upper  Cambrian  and  Lower  Silurian. 
Microdiscus  of  the  Upper  Cambrian  (sometimes  placed  in 
the  Trimicleidai)  agrees  with  Agnostus  in  its  want  of  facial 
sutures  and  eyes,  but  it  has  four  body-rings,  and  the  axis  of 
the  tail  is  segmented.  Lastly,  the  Skuviardia  of  the  Lower 
Silurian  is  like  Agnoe(ug,  but  has  both  the  axis  and  lateral 
lobes  of  the  pygidium  distinctly  segmented, 

Order  Mebostomata. 

Cfrustaceatts,  often  of  large  sue,  in  which  the  mouth  is  far- 
nished  with  mandibles  and  numilm,  the  terminations  of  which 
become  walkimg  or  swimmiiu}  feet,  or  organs  of^ekension  (figs. 
238,  239). 

The  order  Herostomaia  comprises  the  two  sub-orders  of 
the  Xiphosura  and  Eurypterida.  The  former  appears  to 
have  commenced  its  existence  in  the  Upper  Silurian  period, 
and  is  represented  at  the  present  day  by  the  JUmidi  or 
King-crabs.  The  latter  is  wholly  extinct,  and  is  exclu- 
sively Palseozoic,  none  of  its  members  being  known  out  of 
the  Silurian,  Devonian,  and  Carboniferous  formations. 

Sub-order  I. — Eurypteeida. 

"  Cruefacea  wiih  numtrous,  free,  thoracico-abdominal  seg- 
ments, the  first  and  second  (?)  of  which  tear  one  or  more 
broad  lam.eUar  appendages  upon  their  ventral  surface,  the  re- 
maining segments  beirig  devoid  of  appendages ;  anterior  riTigs 
■united  into  a  carapace,  bearing  a  pair  of  larval  eyes,  (ocdli) 
near  the  centre,  and  a  pair  of  large,  marginal,  or  sub-central 
eyes;  the  mouth  furnished  with  a  broad  post-oral  plate,  or 
■metastoma,  and  Jive  pairs  of  movaUe  appendages,  the  pos- 
terior of  which  form  great  swimming-feet ;  the  telsdn,  or  ter- 
minal segm^ent,  extremely  variable  in  form;  the  integument 
c^raeteristically  sculptured." — (Henry  Woodward.) 

In  the  typical  £wrypterids,  such  as  Pterygotus  (fig.  239)  and 
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Eurypiema,  the  anterior  portion  of  the  body  is  covered  by  a 
buckler  or  carapace,  which  bears  a  pair  of  minute  larval  eyes, 
and  a  pair  of  large  compound  eyes  placed  marginally  or  sub- 
centrally.  On  the  under  surface  of  the  carapace  are  five 
pairs  of  appendages.     The  first  pair  of  these  is  usually  re- 


mundeii  by  the  BpiDy  hu«  of  tkc  r 
inAtnlugavepiUniofKiipeDdiges,  nthk 
■n  regsnlEd  by  Woodward  u  beir 
RBp^ctlvdj,  ffom  before  bAekvtnl 


ng.i 

Sn.-Emjplerida.   tttryniant 

^uplic 

>,  reitoied    (sfur  H.   Wood- 

wud). 

c,  c.  Chelate  anlemue ;  o.  o. 

Eyes.  Illuntfd  it  tlie  ulterior  nuiKtn 

or  ttac 

cnipacB;  m,  m,  The  mundl- 

n.r.,Th. 

Bimnillipedee— the  buil  ia»r- 

gtneof 

thMs  en  urrated.  aod  an 

dnwp  1 

u  if  Hen  tbniigh  the  meU- 

Itomio 

r  po«-or»l  plate,  which  aervea 

■a  K  lower  lip.     Iiumedlalcly  behind 

thi>l>> 

yarded  as  representing  the  antennse.  The  appendages  of 
this  pair  are  mostly  chelate,  or  converted  into  nipping-claws, 
but  they  are  sometimes  simple,  and  they  sometimes  are  spin- 
ous towards  their  bases,  and  officiate  as  masticatory  organs 
(Eurt/pterus  and  Slimonia),     The  next  three  pairs  of  appen- 


.obyGooglc 


382  AETHBOPODA. 

dages  are  simply-pointed  spinous  oi^ns  ("  pedipalps  "),  but 
the  last  pair  is  aometimes  converted  into  rowing-organs 
(Sti/lonurus).  The  last  pair  of  appendages  constitute  two 
greatly-developed  swimming -feet,  the  bases  of  which  are 
furnished  with  spines,  and  form  poverful  jaws.  The  bases 
of  these  jaw-feet  are  covered  by  a  greatly-developed  post- 
oral  plate  or  "  metaatoma."  Behind  the  head  come  thirteen 
free  segments,  counting  the  telson  as  one.  The  first  two  of 
these,  immediately  behind  the  carapace,  are  covered  below 
by  a  thoracic  plate  or  "operculum,"  which  doubtless  pro- 
tected the  reproductive  organs.  The  other  somites  cany  no 
append^es,  though  it  is  certain  that  some  of  them  bore 
membranous  branchise.  The  "  telson  "  or  terminal  s^ment 
of  the  abdomen  (fig.  239,  t)  ia  sometimes  lanceolate  or  bi- 
lobate,  as  in  Pterygotits  and  Slimonia,  or  sometimes  narrow 
and  sword-shaped,  as  in  JEurypterus  and  Stylonurus.  The 
surface  of  the  crust  is  sculptured  over  the  greater  part  of  ite 
extent  with  characteristic  markings,  which  look  something 
like  the  scales  of  au  ordinary  Bony  fish.  These  "  scale- 
marks,"  however,  are  often  wanting  over  parts  of  the  surface. 

There  seems  to  be  no  doubt  that  the  beny-like  bodies 
which  are  found  in  the  Old  Bed  Sandstone  of  Scotland,  and 
which  have  been  described  under  the  name  of  Parka  de- 
cipieiis,  are  truly  the  eggs  of  large  Crustaceans  belonging  to 
the  Eurypterids. 

Besides  such  typical  Eurypterids  as  Pterygotxts,  Eurypterus, 
and  Slimonia,  we  have  to  refer  to  this  order  a  number  of 
forms  which  may  be  regarded  as  in  many  respects  transi- 
tional between  the  EurypUrida  and  the  Xiphosura.  The 
most  important  of  these  connecting  links  is  Hemiaspis  (fig. 
240,  a),  of  the  Upper  Silurian,  in  which  the  head-shield 
has  a  general  resemblance  to  that  of  lAmviiia,  thot^h  the 
eyes  have  not  been  determined.  The  thorax  consists  of  six 
segments,  which  are  not  amalgamated,  but  agree  with  those 
of  the  Eurypterids  in  being  free,  and  which  resemble  those 
of  the  Trilobites  in  being  markedly  trilobed,  There  are 
three  free  sediments  in  the  abdomen,  and  these  are  followed 
by  a  long  spine-like  telson.  Closely  allied  to  the  above, 
especially  in  the  distinct  division  of  the  body  into  a  cephalic. 
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a  thoracic,  and  an  abdominal  region,  the  presence  of  free 
thoracic  segments,  and  the  possession  of  a  long  tail-spine, 
are  the  genera  Paeudoniacua  and  Exapinuras  of  the  Upper 
Silurian  (fig.  240.  B  and  c.) 

The  Eurypterids  range  from  the  Upper  Silurian,  where 
they  attain  their  maximum,  through  the  Devonian,  into 
the  Carboniferous  rocks,  where  they  appear  to  die  out 
Traces,  however,  of  these  lai^e  Crustaceana  are  by  no  means 
wanting    in    the  Lower   Silurian,   though   not  as  yet   fully 


described.  Of  the  typical  genera,  Pterygot-us  extends  from 
the  Upper  Silurian  to  the  Upper  Devonian,  and  species  of 
tbia  genus  seem  to  have  attained  a  gigantic  size.  {Pterygotus 
Anglicm  is  calculated  to  have  reached  a  length  of  six  feet.) 
Slivumia  is  Upper  Silurian,  and  Slylonurus  is  both  Upper 
Silurian  and  Devonian.  Euryptema  is  not  known  in  the 
Silurian,  but  is  represented  by  many  species  in  the  De- 
vonian, and  extends  into  the  Carboniferous  rocks.     Hemi- 
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o^^,  with  only  nine  segments  and  the  telson  behind  the 
carapace,  is  exclusively  Upper  Silurian.  Lastly,  Pseudoniacus, 
with  the  same  number  of  free  segments,  is  found  in  the  pas- 
sage-beds between  the  Upper  Silurian  and  Devonian.  In 
conclusion,  it  is  interesting  to  note  that  these  ancient  Crus- 
taceans present  many  larval  features,  resembling  the  larvae 
of  the  Decapoda,  especially  in  the  fact  that  the  hinder  por- 
tion of  the  body  ia  composed  of  free  segmente,  which  carry 
no  appendages. 

SuB-ORDEH  II. — XiPHOSOBA  {PaecUopoda). 

"  Crastacea  having  the  anterior  segmenta  welded  together  to 
form  a  broad  convex  bitckler,  upon  the  dorsai  surface  of  which 
are  placed  the  compound  eyes  and  ocelli;  the  f&rmer  sub- 
centrally,  the  latter  in  the  centre  in  front.  The  mouth  is 
fiimished  with  a  small  lahrum,  a  rudimentary  meta^oma,  and 
six  pairs  of  appendage.  Posterior  se^metUs  of  the  body  more 
or  less  fi-ee,  and  bearing  up>on  tJieir  ventral  surfaces  a  series  of 
broad  lamellar  appendages;  the  telson,  or  terminal  segment, 
ensiform." — (Henry  Woodward.) 

The  only  living  members  of  the  Xiphomra  are  the  JAmuli, 
commonly  known  as  King-crabs  or  Horse-shoe  Crabs.  The 
anterior  portion  of  the  body  is  covered  by  a  broad  horse- 
shoe-shaped buckler  (fig.  238),  the  upper  surface  of  which 
bears  a  pair  of  larval  and  a  pair  of  compound  eyes.  On  the 
lower  surface  of  the  carapace  is  placed  the  aperture  of  the 
mouth,  surrounded  by  six  pairs  of  limbs,  the  bases  of  which 
are  spinous,  and  ofGciate  as  jaws,  whilst  their  terminations 
are  converted  into  chebe  or  nipping-claws.  The  first  pair  of 
appendages  is  placed  in  front  of  the  mouth,  and  represents 
the  antennee,  so  that  the  antennee  of  the  King-crabs  are 
chelate.  Behind  the  cephalic  buckler  comes  a  second  shield, 
composed  by  six  amalgamated  segments,  below  which  are 
carried  the  reproductive  organs  and  branchife,  the  former 
protected  by  a  thoracic  plate  or  "  operculum,"  the  latter 
borne  by  five  pairs  of  lamellar  appendages.  Lastly,  articu- 
lated to  the  posterior  margin  of  the  abdominal  shield,  is  a 
long  sword-like  spine  or  "telson"  {fig,  238,  t). 
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The  Xiphosura  seem  to  have  commeDced  existence  in  the 
Upper  Silurian  period,  where  they  are  represented  by  the 
Nedimvlus  falcaius  of  Dr  Henry  Woodward,  In  this  re- 
markable genus  (fig.  241)  the  bead-shield  has  a  general 
resemblance  to  that  of  the  recent  lA/mvlus,  and  there  are 
traces  of  a  divisional  line  crossing  the  bead  and  apparently 
corresponding  with  the  "  facial  suture "  of  the  Trilobitea. 
Compound  eyes  and  ocelli  seem  to  be  present,  and  there 
are  six  free  thoracic  segments,  followed,  probably,  by  three 
free  abdominal  rings,  of  which  only  two  have  been  preserved. 
A  loi^  spiniform  telson  may  be  conjecturally  added  to  com- 
plete this  ancient  Limiiloid  Crastacean.     In  the  Devonian 
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no  certain  traces  of  Xiphosurans  have  been  yet  detected,  but 
several  types  occur  in  the  Carboniferous.  The  most  import- 
ant of  these  is  the  genus  Predwichia  (fig.  242),  which  has 
the  general  form  of  Neolimvius,  but  in  which  the  thoracic 
and  abdominal  segments  are  not  marked  off  from  one  an- 
other, and  are  all  anchylosed.  The  genus  Huproops,  from 
the  Coal-measures  of  North  America,  is  hardly  separable 
from  tbe  preceding,  but  the  eyes  are  situated  on  the  anterior 
edge  of  the  ceph^c  buckler.  Another  well-known  Caxbon- 
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iferous  genus  is  Bdinurus,  which  agrees  with  the  preceding 
in  having  five  thoracic  and  three  abdominal  segments,  to- 
gether with  a  long  tail-spine,  but  in  which  the  thoracic  rings 
are  free  and  movable,  while  those  of  the  abdomen  are  anchy- 
losed  with  one  another.  According  to  the  researches  of  Dr 
Henry  Woodward,  it  would  also  appear  to  be  established 
that  the  singular  Crustacean  fossils  which  have  been  grouped 
together  under  the  common  title  of  Cydus  (or  Halicyiie) 
should  be  regarded  as  really  larval  forms  of  the  Carbon- 
iferous Limuloids  Prestwickia  and  Bdinurus.  Leaving  the 
Carboniferous  period,  we  find  that  Limuloid  Crustaceans  are 
not  unknown  in  the  Permian  and  Triassic  deposits,  while 
several  species  of  a  type  apparently  generieaUy  identical 
with  the  recent  Limidua  occur  in  the  Lithographic  Slates 
of  Solenhofen  (Upper  Jurassic),  and  other  forms  have  been 
recognised  in  the  Cretaceous  and  Tertiary. 
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CHAPTER  XIX. 

CRUSTACEA  (Coaeiudtd). 

Maiacostraca. 

The  Malftcostracous  Crustaceans  are  distiDguished  by  the  pos- 
session of  a  definite  number  of  body-aegments,  seven  somites 
generally  going  to  make  up  the  thorax,  and  an  equal  number 
entering  into  the  composition  of  the  abdomen  (counting  the 
telaon  as  a  somite).  The  Maiacostraca  are  divided  into  two 
primary  sections,  termed  respectively  HdriophthaltruUa  and 
Podophihedviaia,  according  as  the  eyes  are  sessile  or  are  sup- 
ported upon  eye-stalks. 

Division  A.  Edriophthalmata. — The  division  of  the 
Sessile  -  eyed  Crustaceans  comprises  those  Maiacoatraca  in 
which  the  eyes  are  not  supported  upon  stalks  or  peduncles, 
and  there  is  mostly  no  carapace.  The  eyes  are  sometimes 
compound,  sometimes  simple,  and  are  placed  on  the  sides 
of  the  head.  The  head  is  almost  always  distinct  from  the 
body ;  and  there  are  typically  seven  pairs  of  feet  in  the 
adult.  (Hence  the  name  of  Tetradecapoda  applied  to  this 
division  by  Agassiz.)  The  Edrwphthal'mata  include  the 
orders  Lcviiwdipoda,  Amphipoda,  and  Isopoda,  of  which  the 
Vmy  latter  are  alone  known  in  a  fossil  condition. 

Obder  Amphipoda, 

Small  Crustaceans  in  which  the  rtspiratory  organs  have  the 
form  of  membranouB  vesicles  attached  to  the  hates  of  the  thoracic 
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limhs.  Abdomen  well  developed,  and  composed  of  seven  eegmmte. 
Seven  pairs  of  thoracic  limbs,  directed  partly  backwards  and 
partly  fortoarda. 

The  most  familiar  recent  forms  of  the  Amphipoda.  are  the 
"fresh-water  Shrimps"  (GaviTnarus),  the  Sand-hoppers  {Tcdi- 
trus),  and  the  Shore-hoppers  {Oreheslia).  The  oldest  repre- 
sentative of  the  order  is  a  doubtful  form,  which  has  been 
described  by  Mr  Woodward  from  the  Upper  Silurian  rocks 
under  the  name  of  Necrogamrfiarus.  The  Carboniferous  genus 
Gampsonyx  has  been  referred  here,  but  is  perhaps  more  pro- 
perly placed  amongst  the  Stomapoda,  or  among  the  Isopoda. 
From  the  Permian  rocks,  however,  Mr  Spence  Bate  has 
described  au  Amphipod  to  which  he  has  given  the  name  of 
Proscponiscus  problematicus  (fig.  243),  and  which  he  believes 
to  be  very  closely  related  to  the  living  Phcedra  antiqua. 


Obder  Isopoda. 

Crustaceans  in  which  the  head  is  distinct  frmn  the  segmefU 
bearing  the  first  pair  of  feet.  The  eyes  are  compound  and 
sessile.  There  are  usually  seven  pairs  of  thoracic  appendayes, 
borne  upon  seven  movable  segments.  The  animal  sometimes  has 
the  power  of  rolling  into  a  ball.  The  abdominal  segments  are 
coalescent,  and  form  a  broad  caudal  shield,  beneath  which  the 
branchice  are  carried. 

Of  the  living  Isopods,  some  (JBopyrida)  are  parasitic  in 
their  adult  condition  upon  other  Crustaceans.  Others,  such 
as  the  common  Wood-lice  {Onismisj,  live  habitually  upon  the 
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laud.     OtLffls,  again,  are  littoral  in  their  habits,  or  frequent 
the  sea. 

The  oldest  known  Isopod  is  a  large  form  which  has  been 
described  by  Dr  Henry  Woodward  from  the  Devonian  rocks 
under  the  name  of  PrmarctuTus.     It  is  beKeved  to  resemble 
the  living  Arcturus  Baffi.7mi.     From  the  Carboniferous  rocks 
we   have  various  forms  which  may  be  Isopodous,  but  the 
true  affinities  of  which  are  rendered  doubtful  by  the  fact  that 
the   condition   of  the   eyes   has   not  been  accurately  deter- 
mined.    The  most  important  of  these  is  the  genus  AcaiUko- 
telsoa,  of  the  Coal-measiu«8,  in  which  there  are  seven  thoracic 
and  seven  abdominal  segments,  with  apparently  six  pairs  of 
thoracic   legs,  and   with   a  pointed  telson,   ilanked   by  two 
caudal  stylets.     Another  Carboniferous  genus,  of  dubious 
position,  is   Gampsonyx,  which  combines  characters  of  the 
Aviphipoda,  Isopoda,  and  Siomapoda,  but  which  is  stated  by 
Dr  Anton  Frie  to  have  sessile  eyes,  and  which,  therefore, 
would  seem  to  be  referable  to  one 
or  other  of  the  two  first-named  of 
these  groups.     In  the  Upper  Oolites 
(Purbeck  beds)  occur  the  Archce- 
oniscus  Brodiei  {fig.  244),  often  in 
large    numbers.        In    the    Chalk 
occurs    the    genus    Palcega,    which 
ranges    to    the    Miocene    Tertiary. 
Lastly,  several  forms,  some  of  which 

are  ot  very  uncertain  ammties,  have    >  r<>«u  i»i»d  from  uw  upiwr 
been  described  from  the  Tertiary    '^'"^ 
rocks. 

Division  B.  Podophthalmata. — The  members  of  this 
division  are  Malacostracous  Crustaceans,  in  which  the  eyes 
are  compound,  and  are  supported  upon  movable  stalks  or 
peduncles,  and  the  anterior  portion  of  the  body  (cephalo- 
thorax)  is  protected  by  a  carapace.  In  this  division  are  in- 
cluded the  two  orders  of  the  StoTnapoda  and  Becapoda. 

Order  Stomapoda. 
Stalk-eyed  Crmiaeeam  in  whieh  there  are  generally  from  six 
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to  eight  pairs  of  legs,  and  the  hranchitB  are  not  enclosed  in  a 
eaviiy  heneath  the  thorax,  but  are  either  suspended  beneath  the 
oMomen,  or,  more  rarely,  attached  to  the  thoracic  legs. 

Of  the  living  Stomapods  the  beet-kno'wii  forms  are  the 
Locust-shrimps  {SquUla),  the  Glaas-shrimps  (Sriehikys),  and 
the  Opossum-shrimps  {Mysis). 

As  regards  fossil  Stmnapoda,  considerable  uncertainty  still 
exists,  owing  to  the  imperfect  condition  of  preservation  of 
many  extinct  Crustaceans.  The  most 
ancient  type  ^hich  has  been  usually 
referred  here  ia  the  Palceocaris  typus 
(fig.  245),  of  the  Coal-measnres  of  North 
America.  Tliis  form  is  clearly  related  to 
Gampsonyx,  and  if  it  shall  be  shown  to 
possess  sessile  eyes,  it  must  be  removed 
to  the  Isopoda  or  Amphipoda,  Here, 
however,  we  shall  regani  it  as  an  early 
and  "  comprehensive  "  type  of  the  Podoph- 
thalmata,  characterised  by  the  persistent 
segmentation  of  the  thorax,  but  in  other 
respects  presenting  considerable  resem- 
blance to  the  MacrurouB  Decapods.  It 
differs  from  Oampsonyx  in  various  points, 
but  especially  in  the  fact  that  the  legs 
are  undivided,  whereas  in  the  latter  genus 
they  are  bifid.  The  Pygoeephcd'u&  of  the 
Coal-measures  appears  also  to  be  a  Sto- 
mapod.  In  deposits  later  than  the  Car- 
boniferous, Stomapodous  Crustaceans  have 
been  occasionally  detected,  but  the  genus  Squilla  itself  does 
not  appear  to  be  represented  in  rocks  older  than  the  Eocene 
Tertiary. 

Order  Decapoda. 

Crustaceans  with  Jive  pairs  of  ambulatory  legs,  of  which  the 
first  pair  is  Tnodijied  to  form  nipping-daws,  some  of  the  other 
pairs  behind  this  being  often  chelate  as  well.  There  is  a  large 
cfphalot/ioracic  carapace,  and  the  branchicB  arc  contained,  in 
cavities  at  the  aides  of  the  thorax. 
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The  order  Decapoda  includes  the  highest  forma  of  the 
entire  class  of  the  Crustaceans,  such  as  the  Lobsters,  Hermit- 
crabs,  and  Crabs,  and  it  is  divided  into  the  following  three 
tribes : — 

Tkibe  I.  Magruba. — The  members  of  this  tribe,  such  as 
the  Lobsters,  Shrimps,  Prawns,  and  Cray-fish,  have  a  long 
and  well-developed  abdomen,  the  posterior  extremity  of  which 
forms  a  powerful  natatory  organ  or  caudal  fin.  This  is  con- 
stituted by  a  greatly-expanded  pair  of  natatory  appendages 
("  swimmerets ")  borne  upon  the  last  segment  but  one  of 
the  abdomen,  between  which  is  placed  the  last  segment  or 
"  telson." 

The  Macrurous  Decapods  are  unquestionably  of  a  lower 
type  than  the  Brachyurous  Decapods  or  Crabs ;  so  that  it  is 
no  matter  of  surprise  to  find  that  the  former,  so  far  as  is 
known,  have  enjoyed  a  considerably  higher  antiquity  than  the 
latt«r.     The  Briichyura,  with  two  exceptions,  are  not  known 
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in  deposits  older  than  the  Oolites.  The  Maci'ura,  on  the 
other  hand,  were  in  existence  before  the  close  of  the  Palfeo- 
zoic  period.  In  tlie  Carboniferous  formation  we  have  several 
forms  of  Macrurous  Crustaceans  belonging  to  tlie  genus  An- 
tkrapalwrnon  (or  Antkracqpalwmon),  of  which  a  species  is 
figured  here  (fig.  246).  In  both  Europe  and  North  America 
forms  referable  to  tliis  ancient  type  have  been  detect«d,  and 
one  of  the  most  remarkable  of  these  is  the  ArUkTapaltemon 
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gradlis  of  the  Coal-measures  of  lUinois  (fig.  247).  In  this 
species,  aa  in  all  belonging  to  the  genus,  there  is  a  well- 
developed  carapace,  which  is  fur- 
nished with  a  beak  or  "  rostrum  " 
in  front,  and,  typically,  with  ser- 
rated lateral  margins.  There  are 
five  pairs  of  thoracic  legs ;  the 
abdomen  ia  composed  of  free  seg- 
ments ;  and  there  is  a  caudal  fin, 
/  formed  by  the  telson  along  with 

'  the  last  pair    of  "  ewimmerets," 

The  genua  AnthrapaloEmon  ia  not 
allied,  as  its  name  would  seem  to 
imply,  to  the  true  Prawns  {Palte- 
mon),  hut  seems  to  be  rather  re- 
ng.  M7.-^™u.™'i«(™™  »™*«,.  lated  to  the  hving  GaUUAea. 
of  uiB  MtnroJ  liffl.  mm  the  cmi-         Jq  (jjig  Permian  rocks  no  un- 

■nuBuru  or  North  Ameno.    (Artec 

Meek  Bnd  woruwn.)  doubted  remains  of  Macrura  have 

been  as  yet  detected.  In  the 
Trias,  however,  we  meet  with  examples  of  the  genera  Gaia- 
thea  and  LitogaMer,  along  witii  others  of  less  importance. 
In  the  Jurassic  and  Cretaceoua  strata  "  Long-tailed "  De- 
capods are  extremely  abundant,  and  are  often  beautifully 
preserved.  Amongst  the  more  remarkable  of  the  Jurassic 
genera  may  be  mentioned  Eryon  (fig.  248),  which  com- 
mences in  the  Lias,  but  attains  its  maximum  in  the 
Middle  Oolitic  strata,  being  especially  abundant  in  the 
fine-grained  Lithographic  Slates  of  Solenhofen.  In  this 
singular  genus  the  carapace  is  laige  and  broad,  and  nearly 
quadrate  In  figure,  whilst  the  antennee  are  very  small  The 
genus  is  nearly  allied  to  the  living  WilleTnoesia,  Another 
singular  genus  from  the  Solenhofen  Slates  ia  Mecochims  (or 
Megachirus),  in  which  the  first  pair  of  legs  is  enormously 
eloi^ated,  but  not  terminated  by  chelae.  Yon  Seebach  has 
also  shown  that  the  same  deposits  contain  the  remains  of 
"  Phyllosonue,"  which  may  be  i-egatded  as  the  larval  forms  of 
such  Palinuroid  genera  as  Eryon.  In  the  Cretaceous  rocks 
are  numerous  Macrourans,  belongii^  to  the  genera  Meyeria, 
Enoploclytia,  Hoploparia,  &c.     In  many  parts  of  the  Tertiary 
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series,  especiiilly  in  the  London  Clay  (Eocene),  are  numerous 
remains  of  Macrura,  some  of  which  have  been  referred,  with 
more  or  less  doubt,  to 
such   living   genera    as 
A^acvs  and  Ptdinunts. 

Tribe  II.  Anomdba, 
— The  Anomurous  De- 
capods are  distinguish- 
ed by  the  condition  of 
the  abdomen,  which  is 
neither  bo  well  devel- 
oped as  in  the  Maa-ura, 
nor  so  rudimentary  as 
in  the  Brachyura.  The 
abdomen  does  not  take 
any  part  in  locomotion, 
and  does  not  terminate 
posteriorly  in  a  caudal 
fin.  The  penultimate 
segment  of  the  abdomen, 
however,  is  mostly  fur- 
nished with  more  or  less 
well  -  developed  apj>en- 
dages.  The  best-known  living  Anomura  are  the  Hermit- 
crabs  or  Soldier-crabs  {Paguridtv),  the  Crab-lobsters  {Porcel- 
lancE),  and  the  Sponge-crabs  (Bromia). 

The  Anomura  are  of  small  importance  as  fossils.  They 
commence  in  the  Secondary  period,  a  few  forms  having  been 
described  from  the  Oolites,  and  a  greater  number  from  the 
Cretaceous  rocks.  In  the  Tertiary  period  Anomurous  Crus- 
taceans are  not  uncommon ;  and  the  genus  Pagurua  itself 
appears  to  be  represented  in  the  Red  Crag  (Pliocene).  The 
DramUites  of  the  London  Clay  is  supposed  to  be  related  to 
the  living  Dromm. 

Tribe  III.  Beachtura. — The  "  Short-tailed  "  Decapods  or 
Crabs  are  distinguished  by  having  a  rudimentary  abdomen, 
which  is  tucked  up  beneath  the  cephalothorax.  The  cara- 
pace is  usually  very  large,  and  the  extremity  of  the  abdomen 
is  not  provided  with  any  appendages.     Most  of  the  Crabs 
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are  littoral  in  their  habits,  and  have  legs  formed  for  -walking. 
Others  are  adapted  for  swinmiing,  and  the  Land-crabs  habit- 
ually live  inland. 

As  before  remarked,  the  Brachynroua  Decapods  are  mnch 
later  in  their  appearance  than  the  Meu^rura.     With  the  ex- 
ception the  minute  Hemiiro- 
chiscas  paradoxus  of  the  Per- 
miaD,andthe  still  more  ancient 
Brachypyge  carbonis  of  the  Car- 
boniferous, the  oldest  known 
Crab,  at  present,  is  the  PcUce- 
iiutchiis  loTtgipes,  described  by 
Dr  Henry  Woodward  from  the 
ForestMarble  (Lower  Oolites). 
In  the  Cretaceous  series  Crabs 
Hs.24B.-c«™«r(i^H„)™™i,i„..      ^^    tolerably  abundant,   one 
Cretaceous  foim  belonging  to 
the  recent  genua  Cancer.     In  the  Tertiary  rocka,  and  espe- 
cially in  the  London  Clay  (Eocene),  remains  of  Crabs  occur 
in   profusion.      The   chief   Tertiary  genera   are   XaiUhopsis, 
Xantkotiies,  Cancer  (fig.  249),  Grapsus,  and  Ebalia. 
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CHAPTER    XX. 

aracsnida,  mybiapoda,  and  insecta. 

Class  Arachnida. 

The  Arachnida  are  Articulate  animals,  in  which  the  respira- 
tory organs,  wJien  present,  are  in  the  form,  of  pulvwnary 
chambers  or  met,  or  of  ramified  tubes  {"  trachew  ")  formed  by 
an  involution  of  the  iiUegumeni  and  fitted  for  breathing  air 
directly ;  or  both  these  organs  are  combined.  In  no  case  are 
the  breathing-organs  la  the  form  of  gills.  There  are  four 
pairs  of  locomotive  lirnbs,  and  there  are  no  limbs  attached  to 
the  segments  of  the  abdomen.  There  is  only  one  pair  of  an- 
tenncB,  and  these  are  not  present  as  antenna,  but  are  converted 
ivio  jaws  or  pincers.  The  head  is  amalgamated  with  the 
thorax  to  form  a  cephalothorax,  the  eyes  are  sessile,  and  the 
iiUeguments  are  more  or  less  chitinons. 

The  Arachnida  are  mainly  distingiiislied  from  the  Crus- 
tacea^ by  the  absence  of  gills,  and  the  general  presence  of 
organs  adapted  for  breathing  air  directly.  They  are  distin- 
guished from  the  Insects  by  the  possession  of  four  pairs  of 
legs,  by  never  possetssing  wings,  and  by  having  simple  eyes, 
whilst  the  head  is  amalgamated  with  the  thorax.  From  the 
Myriapods  they  are  distinguished  by  the  fact  that  the  legs 
of  the  latter  are  never  less  than  nine  pairs  in  number,  whilst 
the  segments  of  the  thorax  are  distinct  from  one  another  and 

'  Van  B«Dedea  voald  refer  the  Trilobitcs,  Eing-craba,  and  Earypterida  to 
the  Araehttida,  bnt  aucb  a  radical  change  muat  be  anpported  by  OTcnrhelming 
*  before  it  can  be  accepted. 
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from  the  head,  and  the  segments  of  the  abdomen  carry  legs. 
As  ia  the  case  -with  all  the  ait-breathing  Articulates,  the  re- 
mains of  Arachnida,  though  of  considerable  theoretical  inter- 
est, are  of  very  rare  occurrence  as  fossils.  They  will  there- 
fore be  very  briefly  noticed  here.  Of  the  groups  of  the 
Arachnida,  the  Mites  (Acarida),  the  Harvest-spiders  {Phal- 
av^idw),  the  Book-scorpions  {Pseudoscorpvytiidfe),  the  Scorpions 
(Fedipalpi),  and  the  true  Spiders  {Araneida),  have  all  been 
detected  in  a  fossil  condition.  The  three  first  groups  require 
little  consideration  here,  being  almost  unknown  except  as 
occurring  in  amber,  which  is  a  fossil  resin  of  late  Tertiary 
age.  The  Scorpions  and  Spiders  both  appear  to  have  come 
into  existence  in  the  Carboniferous  period,  and  some  of  the 
forms  which  then  existed  do  not  appear  to  have  been  strik- 
ingly diS'erent  from  living  types. 

Order  Pedipalpi. — Tlie  typical  members  of  this  order  are 
the  Scorpions  (ScorpionidcB),  in  which  the  abdomen  is  digtinctly 
segmented,  and  not  separated  from  the  thorax  hy  any  marked 
constriction.     The  respiratory  organs  are  in  the  form  of  pul- 


monary sacs  opening  on  the  under  surface  of  the  abdomen 
by  distinct  apertures  or  "stigmata."  The  jaws  (maxilla) 
carry  an  enormously-developed  pair  of  nipping-claws  (fig. 
250),  and  the  antennae  are  also  converted  into  chelie.  The 
head  carries  six,  eight,  or  twelve  simple  eyes,  and  the  last 
joint  of  the  abdomen  (telson),  terminates  in  a  hooked  claw, 
perforated  for  the  transmission  of  the  duct  of  a  poison-gland. 
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Aa  regards  their  distribution  in  time,  the  Scoipiona  com- 
mence in  the  Carboniferous  period,  where  they  are  represented 
by  the  genera  Eoscorpius  and  CyclopUhcdmus.  The  most  cele- 
brated fossil  Scorpion  is  the  Cydophihaltin/iis  senior  (fig.  251) 
of  the  Bohemian  Coal-measures.  This  remarkable  form  re- 
sembles the  living  Androctonus  in  having  twelve  eyes,  but 
these  are  disposed  in  a  circle,  whereas  in  the  latter  diere  are 
six  eyes  on  each  side  of  the  head.  The  Eoscorpius  carbona- 
rius,  of  the  Coal-measures  of  Illinois,  is  also  a  true  Scorpion, 
and  is  most  nearly  related  to  the  recent  genus  or  eub-genus 


Pig.  ^l.—CtclepUlmliiHu  miar.    A  fouil  Scorpion  from  the  Ctul-meuuiH  of  Bohemia. 

Butkus,  from  which  it  does  not  seem  to  be  separated  by  any 
characters  of  great  importance. 

Besides  the  typical  Scorpions,  the  order  Pedipalpi  likewise 
contains  various  forms  like  the  living  PkryvMs  and  Thdy- 
phonite,  in  which  the  maxillary  palpi  are  not  chelate;  and 
we  appear  to  have  ancient  representatives  of  these  in  the 
Eaphrynus  and  Artkrolycosa  of  the  Carboniferous  rocks.  In 
the  former  of  these  (fig.  252,  a)  the  dorsal  surface  of  the 
abdomen  is  tuberculated,  and  the  ventral  surface  exhibits  six 
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pairs  of  stigmata.  The  poaterior  border  of  the  abdomen 
carries  four  short  spines,  and  the  long  and  slender  maxillary 
palpi  do  not  seem  to  have  been  chelate.  Thia  singular  form 
was  described  by  Dr  Henry  Woodward  from  the  Coal-meas- 
ures of  Dudley,  and  is  believed  by  him  to  be  most  nearly 
allied  to  the  recent  Phrynus.  Arthrolycosa,  from  the  Coal- 
measures  of  Illinois,  seems  to  have  chelate  maxillary  palpi, 
while  the  abdomen  is  distinctly  accented,  and  consists  of 


Hg,  HS.— t,  SofhTYua  ProWell,  Tl«wed  Tento»lly,  mud  Knninrhit  onlaiged— Cirbonlter- 
oUfl  (after  H.  Voodnrd) ;  b,  ArMiattnu  nbtmJiM,  eniuiged  ftJnr  times,  ud  viewed  tnni 
heloir— Cwboniftroo*  {•(tor  H,  Woodiranl). 

seven  somites.  It  is  apparently  allied  to  Thdypktmua,  though 
showing  resemblaiices  to  the  PhalangidtE. 

Another  compiehenslvB  type,  with  alliances  to  both  Phry- 
nid(B  and  Fkalangidce,  is  the  Archiiarbus  of  the  Carboniferous 
rocks  of  North  America  and  Britain.  In  the  A.  mhovalis  of 
the  latter  region,  the  anterior  portion  of  the  body  is  com- 
posed of  amalgamated  somites  (fig.  252,  b),  carrying  four 
pairs  of  1^  and  a  pair  of  palpi,  the  form  of  which  is  un- 
known. Behind  come  four  narrow  somites,  followed  in  turn 
by  three  very  wide  segments,  forming  together  nearly  half 

VOL.  I.  2  c 
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the  length  of  the  body.  Another  Carbooifeiona  genus  is 
Mazonia,  which  haa  been  founded  for  the  reception  of  an 
Arachnide  of  imcettain  atSnities,  but  in.  some  respects  inter- 
mediate between  the  ScorpiotiicUc  and  the  Pseudoxorpionidce, 
from  the  Coal-measures  of  Illinois.  Lastly,  tlie  Microlahis 
of  the  Coal  is  believed  to  be  most  nearly  allied  to  the 
Paeudoscorpions. 

Order  Arakeida. — This  order  includes  the  true  Spiders, 
which  are  characterised  by  the  amalgamation  of  the  head 
and  thorax  into  a  single  mass,  to  which  the  generally  toft 
and  unseffmenied  abdomen  is  attached  by  a  constricted  portion 
or  peduncle.  Bespiration  is  eETected  by  pulmonary  sacs  in 
combination  with  air-tubes  (trachea).  The  head  bears  from 
two  to  eight  simple  eyes. 

The  oldest  known  Spiders  occur  in  the  Carboniferous 
rocks.  In  the  Coal  -  measures  of  Upper  Silesia,  Hoemer 
has  described  a  Spider,  which  is  allied  to  the  living  Zycosa, 
and  which  he  has  termed  Protdf/a^a  aiUkracopkUa.  An- 
other true  Spider  is  the  Palaranea  horassifolia  of  the  Coal- 
meaaurea  of  Bohemia  (Fric).  Other  fossil  Spiders  have 
been  described  from  the  Lithc^raphic  Slates  of  Solenhofen 
(Middle  Oolite),  and  from  the  Tertiary  rocks,  and  a  good 
many  species  occur  preserved  in  amber. 

Class  Mybiapoda. 

The  Myriapods  ore  Artieulaie  animals  in  which  the  head 
ia  distinct,  and  tJie  remainder  of  the  body  is  divided  into 
nearly  similar  segmerUs.  There  is  Jio  marked  boundary-line 
between  the  thorax  and  abdomen,  ajtd  the  segments  of  the 
latter  carry  locomotive  limbs.  Tfiere  is  one  pair  of  jointed 
anienna:,  and  the  number  of  legs  is  always  mare  than  eight 
pairs.     Respiration  is  effected  by  air-tubes  {trachea). 

The  living  Myriapods  are  divided  into  the  four  orders 
Chilopoda,  Chilognatha,  Pauropoda,  and  Onyekophora.  In 
the  Chilopoda  are  the  Centipedes,  characterised  by  their 
masticatory  moutti  and  carnivorous  habita,  by  the  posses- 
sion of  legs  in  single  pairs  (usually  from  fifteen  to  forty 
pairs),  and  by  havii^  antennie  of  from  fourteen  to  forty  or 
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moie  joints.  In  the  ChUognaiha  (fig.  253)  are  the  Milli- 
pedes and  Galleyworms,  characterised  by  their  vegetarian 
habits,  by  having  the  segments  of  the  body  so  amalgamated 
that  the  legs  appear  to  be  arranged  in  double  pairs,  and  by 
having  antfinme  of  six  or  seven  joints.  In  the  Pauropoda 
is  the  single  genus  Pauropus,  characterised  by  having  only 
nine  pairs  of  legs,  and  the  antennee  bifid,  with  three  long 
multi-articulate  appendages.  Lastly,  in  the  Onychopkora  we 
have  only  the  single  and  very  anomalous  genus  Peripatvs, 
comprising  worm-like  Myriapods,  with  annulated  bodies  and 
booked  or  bristled  feet.  No  member  of  the  Ckilopoda,  Pauro- 
poda,  or  Onyekophora  is  known  with  certainty  to  occur  in 
the  fossil  condition,  but  various  extinct  types  of  the  vege- 
table-eating CkUognaiha,  have  been  preserved  to.us,  beginning 
in  the  Carboniferous  period. 


Fig.  tJ3.-»l11lp«d*  (/tilH). 


The  oldest-known  Myriapods  occur  in  the  Coal-measures, 
the  two  best-known  genera  being  XyUMus  and  Archiulns. 
These  genera  belong  to 
the  order  CkUognatha,  and 
comprise,  therefore,  vege- 
table -  feeders.  In  Xylo- 
biui  (fig.  254)  the  seg- 
ments are  divided  by  cross 
sutures  into  numerous 
fragments,  in  a  manner 
wholly  unknown  amongst 
i-ecent  forms.  Several 
species  of  this  genus  are 
known,  of  which  the  one 
figured  above  derives  its 
'  specific  name  from  the 
fact  that  it  is  found  in  the  hoUow  trunks  of  SigUlaria. 
It  must  have  possessed,  like  the  living  Qalleyworms,  the 


Fig.  VA.—Xtl^Uiu  SigUlaria, 
Hm«pod  (iftgr  D*w»n>.    n,  NitnnJ 
tflrtor  partlon,  enliTged ;  c,  Focterlor 
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power  of  rolling  itself  up  into  a  ball  (Dawsoo).  In  the 
allied  genus  Archivlus,  the  segments  are  not  broken  up  into 
sections,  as  they  are  in  Xylobiws.  The  characters  of  both 
these  genera  are  so  peculiar  that  they  have  been  placed  in  a 
separate  family  under  the  name  of  Arcki-ulidce.  Other  Myria- 
pods  have  been  discovered  in  the  Carboniferous  rocks  of  North 
America  and  Britain,  and  have  been  referred  to  the  genus 
Ewpkoberia  (fig,  255).  The  true  place  of  this  genus  is  some- 
what uncertain,  owing  to  its  possession  of  several  abnormal 
features,  though  there  can  be  little  hesitation  in  referring  it 
to  the  Chilognatha.     Thus  the  dorsal  surface  shows  a  series 


Fig.  955.— PartlOD  of  Uie  bodf  ot  Euplu^iaia  onNlgiro.  Croin  Uie  CoBl-m«uiu«a  oF  lUinolB, 
orUieiutunlalEe(ieier  UMkanilWorUKiu).  Tli«  dirk  ipoM  on  Che  doiul  dililila  uc  piu 
l«ft  bj  tha  bRokLog  off  of  th«  doiul  ■pinu. 

of  lai^  shields,  whicli  are  armed  with  projecting  spines, 
each  of  these  shields  corresponding  with  two  ventral  seg- 
ments. Each  of  the  latter  bears  a  pair  of  slender,  appa- 
rently five-jointed  legs. 

In  the  succeeding  period  of  the  Permian,  Professor  Geinitz 
has  described  a  Myriapod  from  the  base  of  this  formation 
{Rothliegende),  under  the  name  of  Pcdceojuivs  Dyadwus.  Like 
its  Carboniferous  predecessors,  it  occurs  in  asBociation  with 
the  remains  of  plants  {ArauearUes). 

In  the  Secondary  rocks,  the  Lithographic  Slates  of  Solen- 
bofen  (Upper  Jurassic)  have  yielded  the  remains  of  an 
animal  which  is  referred  by  Count  Miinster  to  the  Myria- 
poda,  under  the  name  of  Geophiliui  proavus.  Other  Myrin- 
pods,  lastly,  have  been  described  from  Tertiary  strata  and 
from  amber. 

Class  Insbcta. 

The  Insects  are  ArticiUaie  Animals,  in  which  tlie  head, 
thorax,  and   aldojnen   are  diMirict  from   one   another.      The 
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thorax  consists  of  three  seffments,  each  of  which  carries  a  pair 
of  legs.  Mbstlff  there  are  tvx>  pairs  of  wings  borne  Ity  the  two 
hinder  segments  of  the  thorax.  The  abdomen  Tiever  carries 
locomotive  limbs,  but  (he  last  abdominal  segments  may  carry 
reproductive  or  sensory  appendages.  A  single  pair  of  jointed 
antervmB  is  present,  and  the  eyes  are  generally  compound. 
Itespiration  is  effected  by  air-tubes  (trachece). 

The  nnmber  of  Insecta  known  from  Tertiary  deposits  is 
already  extremely  large,  while  they  are  comparatively  scarce 
in  the  Secondary  period,  and  are  among  the  very  rarest 
of  fossils  from  the  Palseozoic  formations.  Moreover,  the 
remains  of  this  class  of  animals  almost  always  occur  in  a 
fragmentary  condition,  and  under  any  circumstances  they 
cannot  be  satisfactorily  deciphered  except  by  practised 
workers  in  the  department  of  Entomology,  For  these 
reasons,  amoug  others,  it  will  be  sufficient  to  give  here  n 
brief  outline  of  the  geological  history  of  the  class. 

As  r^ards  the  general  distribution  of  the  Insecta  in  time, 
the  oldest  -  known  forms  are  from  the  Devonian  rocks  of 
North  America,  Here  occur 
the  remains  of  several  insects 
which  belong  to  the  order 
of  the  Neuropterous  Insects 
(or  to  the  Pseudoneuroptera). 
Amongst  the  most  remark- 
able of  these  is  the  Plate- 
phemera  antiqiui  of  Mr  Scud- 

der  (fig.  256).  This  species  '^■^''^^J'^^^^^^!^'^''^'^' 
roust  have  attained  a  large 

size — five  inches  in  expanse  of  wing — and  it  is  regarded  by 
Mr  Scudder  as  being  referable  to  the  Ephemerid<e  (the  May- 
flies). This  eminent  authority,  however,  r^ards  it  as  a 
"  synthetic  type  " — that  is  to  say,  as  a  form  combining  pecu- 
liarities of  structure  which  are  now  only  found  in  different 
groups.  Other  genera  belonging  to  the  Neuroptera  have  been 
described  from  the  Devonian  rocks  of  North  America,  under 
the  names  Homothetus,  Litlientomum,  and  Xenonewra,  the  last 
having  attached  to  its  wing  the  remains  of  a  "  stridulating 
organ,"  similar  to  that  possessed  by  recent  grasshoppers. 
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P"»»  Of  rolling  j,^,f  „p  j^,^  ^  ^^  (Dawson).  I.  i 
secuJ"""  i'^*'"'".  "■•  segments  are  not  broken  upi., 
these  b™"  ^^  '"  ^  -fy'"""-  The  chaiaoter,  ot  U 
senamt  f  f"  "  I»™"«f  'hat  they  have  been  pUceJ  i. 
S  tavfr  'r""  "■=  "'"°«  ot^'cMuluia:.  Other )fe, 
Americ  Ld  BriZTn  'l!  ""'  l"''"'^'"""  "«'■»  »'»" 

"hat  uncertat;  „t  ""  P'"™  °'  "■"  ^enus  is  somi 

features  tl,„„llk'  ^^"^        '"  f°"^'m  of  several  ahnomj 

to  the  iS„        J'"  **  "'"«  hesitation  in  referring  i 

"''*'°"*«-     Thua  the  dorsal  snrf«,e  .hows  .», 


of  llrge  shields,  which   «,. 

e«»h  of  these  shields  coS'™':''  "'"■  P™Jeoting  .pi« 
"■eots.  Each  of  the  kS  C  °  "'*  '"""  ^'»'"«1  "= 
"'tiy  flve-j„i„tca  legs  "*'"  '  P'"'  of  alender,  app, 


In  the  succeedin, 
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thorax  consista  of  three  segments,  each  of  which  earrif^  ^  ^^,,-_ 
of  legs.  Mostly  there  are  two  pairs  of  wings  borw  ht/  t)u  t*r 
hinder  segmerUs  of  the  thorax.  The  (Adomen  nrrrr  «»-->* 
locomotive  limbs,  but  the  last  ahdominai  segmeidi  r.i^y  ^— , 
reproditctive  or  sensory  appendages.  A  single  pair  of  ■j.i---! 
antenntE  is  present,  and  the  eyes  are  generally  r*:-~.:.ii./ 
Respiration  is  effected  by  air-tubes  {Iraehece), 

The  number  o£  Insects  known  from  Tertiaiy  d-^ro^u  ^ 
already  extremely  large,  while  they  are  comparadr^Z-T  i.:-j:-f 
in   the    Secondary  period,  and   are   among  (be  T*?rr  n.--j- 
of  fossils   from  the  Palieozoic  formations.      IfiT".-^^    z::^ 
remains  of  this  class  of  animals  almost  alvari   >:-.ir  n  i 
fragmentary  condition,  and  under  anr  Hr«--:-c:,L.?r--'  i:-- 
cannot    be    satisfactorily    deciphered   eioei';    -t   Tim-i;— . 
workers    in    the    department   of  EnU>mc>.TT       J  r   i^^ 
reasons,  among  others,  it  will  be  sufEc:*^  ::   r"-  i^^ 
brief  outline  of  the  geological  historr  '/  u.^  :„^ 

As  regards  the  general  distribadon  -:f  il-t  .'  -  -■   ~  zr^ 
the    oldest -known  forms  are  from  :b»  ;»—  -..n   -  _z 
North  America.     Here  occur 
the  xemains  of  several  insects 
wbich.   belong  to    the   order 
of  t-*ie  Neuropterous  InsecU 
(or  ^^   the  Pseudoneuroptera  . 
AmoJJg^t  the   most  remark- 
able    t'f   '^ese   is   the  PlaU- 
pkemer'^  ai^iyiw  of  Mr  Sccf- 
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deposits, 

so  largely 
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In  the  Carboniferous  period,  the  remains  of  Insecte, 
though  still  far  from  common,  have  been  discovered  in 
greater  abundance,  as  might  have  been  anticipated  from  the 
comparative  extent  of  our  knowledge  of  the  land-plants  of 
this  formation.  The  order  Neuroptera  is  now  represented  by 
a  number  of  remarkable  forms,  of  which  one  of  the  most 
remarkable  has  been  referred  to  the  Epherneridce,  under  the 
name  of  ffaplopfUebium  Bamesii  (fig.  257).  This  insect  must 
have  attained  a  size  much  larger  than  that  of  any  recent 
Ephemerids,  measuring  fully  seven  inches  in  expanse  of 
wing. 

Other  Carboniferous  Nearoptera  have  been  described 
under  the  generic  titles  of  Dictyimeura,  Miamia,  Ephemer- 
ites,  Memeridia,  and  Paolia.  The  order  of  the  Orthoptera 
makes  its  first  appearance  here,  so  far  as  known,  and  is 
represented  by  various  species  of  Blattiria,  allied    to  the 


Fig.  Siy.—IIaflopliltbiutii  Bamiii  (after  Dkvwid).    From  Uie  Carbanltuoiu  kkIu 
of  CuuuU.   a.  Proflle  of  bus  of  vlog. 

living  Cockroaches  (Blatta).  One  of  the  most  remarkable 
of  these  Carboniferous  Cockroaches  is  the  ArcMmulacris 
Acadicus  (fig,  258)  of  the  Canadian  Coal-measures,  which 
presents  peculiarities  unknown  in  any  of  its  living  allies. 
The  LitkomaiUis  carbonarius  of  the  English  Coal-measures 
appears  to  be  an  ancient  representative  of  the  MantidcE  (H. 
Woodward) ;    and   two    Carboniferous   species    have    been 
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referred   to   the   recent  genus   GryUaeria   (A.   H,   Swinton). 
One  of  the  latter — viz.,  Gryllacris  {Corydalis)  Bwngniarti — 
exhibits   traces   of  a   stridulating  organ  or 
"  file,"   similar  to  that  of   the   males  of  the 
living  Crickets.     The  order  of  the  Coleoptera 
(Beetles)  is  sparingly  represented  by  forms  of 
uncertain  affinities  (Curcidioides  and  Tnxcilcs). 
lastly,   the   great    order   of  the    Zepidoptera 
(Moths  and   Butterflies)  is  dubiously  repre- 
sented  by  a  ■wing  from   the   Coal-measures       ^^  iit.~ATAi- 
of  Belgium,  which  has  been  regarded  as  be-    ■"'■"i.    Aaidint 
longing  to  a  moth  of  the  family  SaluTniidoe,    Fnm  Ue  cubon- 
and  has   been  described  under  the  name  of    Sl^  """^    '* 
Breyeria  Borinensis  (Preudhomme  de  Borre).^ 
No  representatives  of  the  ffemiptera,  Diptera,  or  Hyunmoptera 
have  yet  been  detected  in  the  Carboniferous  rocks. 

In  the  Permian  deposits  few  remains  of  insects  have  been 
yet  discovered.  The  Swgeram  of  Dr  Dohm,  however,  is  a 
remarkable  Neuropterous  insect  from  the  Lower  Permian  of 
Birkenfeld. 

Coming  to  the  Secondary  period,  we  are  as  yet  very  par- 
tially acquainted  with  the  characters  of  the  Insect-fauna  of 
the  Trias ;  but  an  abundant  insect-life  is  already  known  to 
have  existed  in  the  Jurassic  period;  Even  in  deposits  as 
old  as  the  Lias,  we  find  Beetles  of  such  well-known  exist- 
ing types  as  the  Curculionidte,  Elateridm,  and  Mdolonthidm  ; 
while  the  Orlhoptera  are  represented  by  Grasshoppers  and 
Cockroaches,  and  the  Nmroptera  by  Dragon-flies  and  May- 
flies. In  the  higher  portion  of  the  Jurassic  series,  in  ad- 
dition to  various  types  of  the  Coleoptera,  Orthoptera,  and 
Neuroptera,  we  appear  to  have  a  true  representative  of  the 
Butterflies.  This  is  the  P(dcc<mtiva  OolUica  of  the  Stonea- 
iield  Slate  (Lower  Oolites),  which  is  regarded  by  Mr  Butler 
as  intermediate  between  the  existing  groups  of  the  Nym- 
phaliTUE  and  Saiyrinct,  and  as  allied  to  certain  tropical 
American  genera  {Brassolis).  In  the  Cretaceous  deposits, 
as  might  have  been  expected  from  their  being  so  largely 

'  According  to  tha  high  snthority  of  Mr  R.  U'Lachkn,  Brtyeria  is  one  of 
the  F»tudimM,Tf^Ura,  and  belongs  to  the  Ephenurida. 
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iiiariiLe  in  origin,  insects  are  rarely  found.  We  meet,  how- 
ever, with  remains  of  Ortfuyptera,  Hemiptera,  NeuT&ptera,  and 
Lepidoptera ;  the  mot^t  remarkable  form  of  the  kst  of  these 
orders  being  the  Neorinopsis  septUta  of  the  Aix-la-Chapelle 
Sandstones  (Upper  Cretaceous !),  a  Butterfly  belonging  to 
the  family  of  the  Satyridm. 

In  the  early  part  of  the  Tertiary  period  little  is  yet 
known  of  the  Insects,  but  a  vaat  number  of  fossil  forms 
have  been  preserved  to  us  in  deposits  of  Miocene  and 
Pliocene  age.  It  would  be  quite  hopeless  to  attempt  to 
give  any  detailed  account  of  these  here,  but  we  meet  during 
these  periods  with  representatives  of  all  the  existing  orders 
of  Insects,  with  the  exception  of  the  Aptera,  many  of  the 
forma  being  closely  allied  to  types  now  in  existence.  Even 
the  fragile  and  delicate  Butterflies  are  fairly  represented ; 
one  of  the  most  celebrated  examples  being  the  Mylothriies 
( VaTie&a)  Pluto  of  the  Lower  Miocene  Marlstone  of  Badaboj 
in  Croatia,  which  has  been  variously  referred  to  the  Nympk- 
alince  and  the  Piennm.  Amber,  a  resin  of  Post-Tertiary 
date,  has,  lastly,  yielded  a  great  number  of  insects,  among 
which  are  the  only  undoubted  examples  of  any  order  of  the 
Apterous  Insects  {Thymnura). 
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CHAPTER  XXI. 

SUB-KINGDOM     MOLLUSC  A. 
PoLYZOA. 

SuB-KiKGDOM  MoLLDSCA. — The  Molluwa  comprise  the  ani- 
mals ordinarily  known  as  Shell-fisli,  from  theii  commonly 
possessing  an  exoskeleton  or  shell.  The  Molluscs  are  so/t- 
bodied  and  desiiiute  of  any  evident  segmentation.  Comnumiy 
the  iniegumeni  secretes  a  hard  calcareous  or  homy  envelope,  bid, 
this  may  he  absent.  The  alimentary  canal  is  always  preseTit, 
and  never  communicates  with  the  hody-caviiy.  The  nervous 
system  consists  typically  of  three  pairs  of  ganglia,  disposed  in 
a  characteristically  scattered  manner ;  but  in  the  lower  forms 
a  single  ganglion  alone  is  present.  A  heart  tnay  or  may  not 
be  present,  and  there  may  or  may  not  be  distinct  respiratory 
organs. 

As  a  matter  of  course,  it  is  only  with  the  shell  of  the 
MoUusca  that  the  palseontologist  has  to  deal,  and  those 
forms  which  are  destitute  of  this  structure  are  wholly  un- 
known in  tlie  fossil  conditioa  The  special  characters  of 
the  shell  will  he  treated  of  in  speaking  of  the  separate 
classes.  In  the  meanwhile  it  is  sufficient  to  draw  atten- 
tion to  some  general  considerations.  In  the  Sea-mosses  and 
Sea-mats  {Polyzoa),  the  animal  is  compound,  and  the  hard 
structures  secreted  by  the  colony  would  not  come  under  the 
common  designation  of  a  "  shell"  In  these  cases  the  invest- 
ment of  the  colony  would  rather  be  termed  a  "  polypidom," 
and  when  of  a  horny  nature,  it  does  indeed  show  a  very 
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close  reaemblacce  to  the  "  polypary  "  of  the  Seitnlarian 
Zoophytes.  In  the  Ascidiau  Molluscs  or  Sea-squirts  (Tuni- 
cata),  the  animal  is  simply  enclosed  in  a  leathery  or  car- 
tilaginous case,  in  which  calcareous  matter  is  very  rarely 
developed.  Hence  we  need  feel  no  surprise  that  the  Tuni- 
caries are  not  known  in  the  fossil  state.  The  Lamp-shells 
and  their  allies  (Brachiopoda)  possess  a  bivalve  shell  consist- 
ing of  two  pieces  or  "  valves,"  which  are  more  or  leas  highly 
calcareous.  Coming  to  the  higher  Mollusca,  the  true  Bivalve 
Shell-fish  (LaTndlJiranehiata),  as  their  common  name  implies, 
have  also  a  bivalve  shell ;  but  this  is  distinguished  from  the 
shell  of  the  Brachiopods  by  sufficiently  good  characters.  No 
Lamellibranch  is  destitute  of  a  shell,  and  the  remains  of  this 
class  occur  more  or  less  abundantly  in  all  deposits  except 
the  most  ancient  The  ordinary  Univalve  Shell-fish  (Gas- 
teropoda), as  indicated  by  their  common  name,  have  usually 
a  shell  composed  of  a  single  piece  or  "  valve."  In  many 
Gasteropods,  however,  there  is  either  no  shell  at  all,  when 
the  animal  is  said  to  be  "  naked  "  (as  in  the  Sea-slugs),  or 
the  shell  is  quite  rudimentary,  and  is  concealed  within  the 
mantle  (as  in  the  ordinary  slugs).  In  other  Gasteropods, 
again  (viz.,  in  the  Chitons),  the  shell  is  "  multivnlve,"  con- 
sisting of  eight  pieces  or  valves  placed  one  behind  ihe  other. 
Most,  however,  of  the  "  multivalve  "  shells  of  older  writers  are 
really  referable  to  the  Cirripedia.  In  the  minute  Oceanic 
Molluscs,  or  "  Winged  Snaib,"  which  form  the  class  Ptero- 
poda,  the  animal  is  sometimes  naked,  but  is  more  usually 
protected  by  a  symmetrical  glassy  shell,  which  is  always 
univalve.  In  the  class  of  the  Cephalopoda,  finally,  great 
diversity  exists  in  the  character  of  the  skeleton.  All  the 
ordinary  Cuttle-fishes  have  an  iiUemal  skeleton,  embedded 
in  the  mantle,  and  not  visible  externally.  This  internal 
skeleton  may  he  calcareous  or  homy,  and  it  may  be  of 
a  very  complicated  nature ;  but  it  merely  serves  to  sup- 
port the  soft  parts  of  the  animal,  and  it  does  not  form  an 
external  case  in  which  the  animal  lives.  In  one  Cuttle- 
fish only  (viz.,  the  Argonaut  or  Paper  Nautilus)  is  there  an 
external  shell,  but  the  nature  of  this  is  quite  peculiar,  and 
it  cannot  be  compared  with  the  shell  of  any  •(  the  ordinary 
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Molluscs.  In  anotlier  group  of  the  Cephalf^odg.,  represented 
at  the  present  day  by  the  Pearly  Nautilus,  there  is  a  well- 
developed  external  shell,  which  is  always  composed  of  a 
single  piece,  and  is  always  chambered,  the  animal  living 
in  the  last  and  largest  chamber  of  the  shell. 

In  composition  the  shell  of  the  bigber  MoUusea  consists  of 
carbonate  of  lime — usually  having  the  atomic  arrangement 
of  calcite — with  a  small  proportion  of  animal  matter.  In 
the  Pkoladidut,  however,  the  calcareous  matter  exists  in  the 
atlotropic  condition  of  arr^onite,  which  is  very  much  harder 
than  calcite.  As  regards  their  texture,  three  principal  varie- 
ties of  shells  may  be  diatinguiahed— viz.,  the  "  porcellanous," 
the  "  nacreous,"  and  the  "  fibrous."  In  the  nacreous  or  pearly 
shells,  as  seen  in  "  motber-of-pearl,"  the  shell  has  a  peculiar 
lustre,  due  to  the  minute  undulations  of  the  edges  of  alter- 
nate layers  of  carbonate  of  lime  and  membrane.  The  "  fib- 
rous "  shells  are  composed  of  successive  layers  of  prismatic 
cells.  The  "  porcellanous  "  shell  has  a  more  complicated 
structure,  and  is  composed  of  three  layers  or  strata,  each  of 
which  is  made  up  of  very  numerous  plates,  "  like  cards 
placed  on  edge."  The  direction  in  which  these  vertical  plates 
are  placed  ia  sometimes  transverse  in  the  central  layer,  and 
lengthwise  in  the  two  others ;  or  loi^tudinal  iu  the  middle, 
and  transverse  in  the  outer  and  inner  strata. 

From  their  so  commonly  possessing  hard  structures, 
whether  external  or  internal,  no  fossils  are  more  abundant 
or  important  than  Molluscs.  As  regards  the  general  dis- 
tribution of  the  Mollusca  in  time,  the  sub-kingdom  com- 
mences its  existence  in  the  Cambrian  period,  in  which  the 
classes  of  the  Polyzoa,  BraeMopoda,  Lamdlibranchiata,  Ftero- 
poda,  GaUeTopoda,  and  Cephol<rpoda  are  more  or  less  certainly 
represented.^  Speaking  generally,  the  chief  representatives 
of  the  MoUitsca  m  Falseozoic  time  are  the  chambered  Gephal- 
opods  (Tetrahranchiata)   and  the  Brackiopoda;   in  Mesozoic 

'  The  Brackiopoda  and  PUropoda  have  now  been  delected  in  the  Lower 
CiunbrUn.  The  Qurteropode  ani  Lamellibranchg  are  fonnd  in  the  Upper 
Cambrian.  The  Cephalopoda  do  not  make  their  appearance  till  near  the  sum- 
mit ot  the  fannation,  and  are  tben  poorly  represented  (so  far  aa  known,  by 
Orlluxerai  only).  Lastly,  the  Polyzoa  are  of  doubtful  occurrence  even  in  the 
Upper  Cambrian,  %nleu  we  place  the  geniu  IXctgonema  in  this  clou. 
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time,  the  Cuttle-fishes  (Dibranchiate  Cephalopods),  the  cham- 
bered Cephalopoda,  and  the  Polyxoa ;  in  Kainozoie  time,  the 
LamellibranchB  and  Gasteropods.  The  Polyzoa  are  compara- 
tively poorly  represented  in  Palaeozoic  rocks,  and  attain  their 
maximtim  (as  fossils)  towards  tiie  close  of  the  Mesozoic  period. 
The  Braekiopods  are  vastly  more  abundant  in  PaUeozoic 
deposits  than  in  Mesozoic,  and  have  gradually  declined  to 
the  present  day.  The  Lamdlibra'ach/iata  seem  to  have  been 
gradually  increasing  in  importance  since  their  first  appearance 
in  the  Upper  Cambrian  seas,  and  they  have  attained  their 
maximum  at  the  present  day.  The  Gaateropods,  upon  the 
whole,  like  the  BivfJves,  seem  to  have  reached  their  culmin- 
ating point  in  recent  seas ;  whilst  the  Pteropode  seem  to  have 
been  as  abundant  in  Silurian  seas  as  they  are  at  present. 
The  history  of  the  Cephaiopoda  is  a  remarkable  one.  The 
TdTcJiTanchiate  forms,  with  chambered  shells,  attained  their 
maximum  in  the  earlier  portion  of  the  Silurian  period,  as 
regards  their  simpler  types ;  but  the  more  complex  types  of 
the  group  swarmed  in  the  seas  of  the  Secondary  period,  aud 
finally  disappeared  at  the  close  of  this  epoch.  This  group 
at  the  present  day  is  represented  solely  by  the  Pearly 
Nautilus.  The  DibranchuUe  Cephalopoda,  on  the  other  hand, 
represented  at  the  present  day  by  the  Cuttle-fishes,  did  not 
make  their  appearance  till  the  commencement  of  the  Secon- 
dary period,  and  seem  to  have  reached  their  maximum  in 


The  sub-kingdom  Mdlusca  is  divided  into  two  great  divi- 
sions, termed  respectively  the  MoUuscoida  and  Uie  Mollusca 
Proper.  The  division  MoUnxoida  comprises  the  three  classes 
of  the  Polyzoa,  TuniaUa,  aud  Brachiopoda,  characterised  by 
having  a  nervoua  gi/stem  consisting  of  a  single  ganglion  or  prin- 
cipal pair  of  ganglia,  whilst  there  is  either  no  distiTiet  organ  of 
the  circtdaiion  or  an  imperfect  heart.  In  the  division  of  the 
Mdlusca  Proper  are  comprised  the  classes  of  the  Lavielli- 
hranchiaia  (Bivalves),  Gastercpoda  (Univalves),  Pteropoda,  and 
Cephalopoda.  All  these  classes  are  distinguished  by  having 
a  nervous  sgdem,  am.po»ed  of  three  principal  pairs  of  ganglia, ; 
whUst  there  is  a  well-developed  heart,  consisting  of  at  least  tv>o 
chambers. 


.obyGooglc 


Class  Poltzoa  or  Bbtozoa. 

Animal  composite,  forming  cokmiea,  all  the  members  of  which 
are  produced  by  budding  from  a  primitive  being  (zooid).  Sack 
member  of  the  colony  (zooid)  is  enclosed  in  a  dottble-vmlled  sac, 
the  outer  coat  of  which  is  mostly  hardened  by  homy  or  calcareous 
mailer.  There  is  no  heart,  and  the  mouth  is  surrounded  by  a 
circU  or  crescent  of  hollow  ciliated  terUades.  The  colonies  are  all 
but  invariably  Jixed  to  some  foreign  object,  and  are  in  m/tny  cases 
plant-like  in  form. 

All  the  Polyzoa  live  in  an  associated  form  in  colonies  or 
"  polyzoaria,"  which  are  sometimes  foliaceous,  sometimes 
branched  (fig.  259)  and  plant-like,  sometimes  encrusting, 
and  very  rarely  are  tree.     Each  "  polyzoarium  "  consists  of 


Fl(.  SM.— A,  PngmentnT  id  nndeiciibed  llrinK  ipscies  ot  I7cltrc]wra,  mnn  Nen  Znlud, 
of  Un  uUunl  ■!»  ;  iDd  B,  Snrfkce  ofthe  ume,  enlarged  (orlgliui)) ;  c,  8ujflu»  of  ibnachoT 
Eiltrofeta  nAntlcuIula,  fnim  the  TettisiT,  enlused  (ilt«r  Btuu). 


an  assemblage  of  distinct  but  similar  zobids  arising  by  con- 
tinuous gemmation  from  a  single  primordial  individual.  The 
colonies  thus  produced  are  in  very  many  respects  closely 
similar  to  those  of  many  of  the  Hydroid  Polypes,  with  which, 
indeed,  the  Polyzoa  were  for  a  loi^  time  classed.  The  "  poly- 
zoarium," or  "  ccentecium,"  however,  of  a  Polyzoon  differs  from 
the  polypidom  of  a  composite  Hydroid  in  the  general  fact 
that  the  separate  cells  of  the  former  do  not  coromnnicate 
with  one  another  otherwise  than  by  the  continuity  of  the 
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external  iategament ;  whereas  the  zooids  of  the  latter  are 
united  by  an  oi^;aiuc  connecting  medium,  or  "ccenosarc," 
from  which  they  take  their  origin.  On  this  point  Mr  Busk 
observeB : — 

"  It  has  been  before  said  that  the  Foljfzoa  are  always  asso- 
ciated into  compound  growths,  made  up  of  a  congeries  of 
individuals,  which,  though  distinct,  yet  retain  some  degree 
of  intercommunication,  coinparable  in  kind  perhaps,  though 
not  in  degree,  to  what  obtains  in  many  of  the  compound 
Ascidians.  That  this  community  exists  is  proved  by  the 
otherwise  inexplicable  circumstance  that  the  polyzoaria  in 
many  instances  present  elements  common  to  the  whole  growth, 
and  not  belonging  specially  to  any  individual.  The  chief 
bond  of  connection  would  appear  to  reside  partly  in  the  con- 
tinoity  of  the  external  integument,  and  partly  also,  in  all 
probability,  in  a  slow  interchange  of  the  vital  fluid  with 
which  the  cavities  of  the  cells  are  charged." 

In  one  sub-order  of  the  Polyzoa  {Cteno^omata),  the  poly- 
zoarium  consists  of  a  series  of  cells  arising  &om  a  common 
tube,  but  this  exception  does  not  affect  the  value  of  the  above 
general  distinction  between  the  Polyzoa  and  the  Hydroida. 

A  second  point  of  difference  is  found  in  the  invariably 
corneous  (or  chitinous)  texture  of  the  polypidoms  of  the 
Hydroida,  whereas  those  of  the  Polyzoa  may  be  corneous  or 
fleshy,  but  are  in  the  majority  of  instances  more  or  less 
h^hly  charged  with  carbonate  of  lime. 

As  before  remarked,  the  colonies  of  the  Polyzoa  are  pro- 
duced by  a  process  of  continuous  budding  from  a  primitive 
being  or  zooid.  The  budding  takes  place  accordii^  to  a 
determinate  law,  differing  in  different  forms,  and  the  resulting 
colony  varies  in  shape  according  to  the  method  of  budding 
in  each  species.  AU  the  zooids  of  the  colony  are  termed 
"  polypides,"  and  the  entire  colony  consists  simply  of  an 
B^regation  of  precisely  similar  polypides,  which  may  be 
simply  united  by  their  external  integuments  or,  more  rarely, 
spring  from  a  common  tube.  It  is  only  with  the  outer  invest- 
ment of  the  colony  that  the  palaeontologist  has  to  deal ;  but 
it  may  be  well  briefly  to  describe  the  structure  of  a  typical 
polypide. 
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The  polypide  of  a  Polyxoon  (&g.  260, 2)  consists  essentially 
of  a  double-walled  sac,  filled  with  fluid,  aad  perforated  by 
an  aperture  where  the  mouth  of  the  polypide  is  situated.  In 
the  majority  of  cases  the  outer  wall  of  the  sac  (termed  the 
"  ectocyst ")  is  of  a  homy  consistence,  or  may  be  more  or 
less  highly  calcareous.  It  forms  a  little  chamber,  which  is 
technically  called  the  "  cell,"  At  one  point,  varying  in  its 
position,  the  cell  is  furnished  with  an  aperture  or  "  mouth  " 
(fig.  260,  1),  whence  the  polypide  can  protrude  its  tentac- 
ulate  head.  The  inner  wall  of  the  sac  (termed  the  "  endo- 
cyst ")  is  invariably  flexible  and  membranous,  and  the  apace 
included  within  it  is  filled  with  fluid,  in  which  floats  the 
alimentary  canal.  The  commencement  of  the  alimentary 
canal  is  surrounded  by  a  series  of  hollow  ciliated  tentacles, 


Fig.  !W.— MoiphoIagyorPolyioa.  t.  Foitlmi  of  tbe  oanaciimi  of  ^(tulTn  Iniiaidi,  magnl. 
fled.  %.  DUgnm  of  ■  Fal^ru^n  (after  AUnun) ;  a,  BeglOD  of  the  mouth  tnirouDded  bj 
t«Dt^eH ;  b.  Alimentary  cuial ;  %  Adda  ;  d,  Nervou  gutgllon ;  t,  lavestlng  mc  (ectocjit) ; 
/,  TeaUs ;  f,  Onry  ;  g,  Hatnctor  miucls.  3.  BIrd'i-lHul  procen,  or  "  ivlciiluliim,"  of  ■ 
PolyEoon. 

which  are  mostly  arranged  in  a  circle  in  the  marine  Polyzoa, 
but  ai«  disposed  in  the  shape  of  a  horse-shoe  in  most  of  the 
fresh-water  forms.  The  digestive  canal  passes  through  the 
body-cavity,  without  opening  into  it,  and  terminates  in  a 
distinct  anus  placed  near  the  mouth.  The  only  other  organs 
possessed  by  the  polypide  are  a  nervous  ganglion,  and  the 
organs  of  reproduction,  each  zooid  being  hermaphrodita 
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In  order,  then,  to  arrive  at  a  clear  conception  of  the  struc- 
ture of  a  Polyzodn,  we  have  simply  to  imagine  that  such  a 
polypide  as  above  described  should  have  the  power  of  repeat- 
ing itself  by  gemmation,  "  thus  producing  one  or  more  pre- 
cisely similar  systems,  holding  a  definite  position  relatively 
to  one  another,  while  all  continue  organically  uiuted." 

The  only  element  of  the  Pdyzoa  with  which  the  palseontol- 
ogist  is  concerned  is  the  external  investment  of  the  colony — 
the  "  c<£n(ecium  "  or  "  polyzoarium,"  This  is  formed  by  the 
combined  ectocysts  of  the  various  polypides,  and  it  varies 
greatly  both  in  form  and  actual  composition.  In  form,  it 
may  be  plaut-Uke,  rooted  at  one  point,  and  rismg  into  folia- 
ceous  expansions  or  arborescent  growths ,  or  it  may  spread 
over  some  foreign  object  as  a  continuous  crust  In  consist- 
ence, it  may  be  fleshy,  horny,  sub-calcareous,  or  completely 
calcareous ;  the  simply  fleshy  forms,  as  a  matter  of  course, 
never  occurring  in  a  fossil  condition. 

The  shape  of  the  "  cell,"  formed  by  the  eotocyst  or  outer 
wall  of  each  polypide,  varies  considerably,  and  important 
distinctions  may  be  drawn  from 
this  character  alone.  In  one 
large  group  of  the  Polyzoa — 
the  CheUostmnata — the  mouth 
of  the  cell  is  never  quite  ter- 
minal in  position,  but  is  always 
placed  upon  the  front  of  the 
cell,  generally  close  to  one  end 
(flg.  261);  whilst  the  diameter 

of  the  mouth  is  less  than  the      Fig.s6i.-.v™ftra,iipi™oc(o«i.8iiow. 
diameter  of  the  ceU.     In  most    uppercretwKxu. 
of  these  forms,  also,  the  mouth 

of  the  cell  is  provided  with  a  movable  lid  or  shutter,  by 
which  it  can  be  closed  when  the  animal  is  retracted  within 
it.  In  another  great  group— the  CydostonuUa — the  cells 
are  tubular  in  form,  and  the  mouth  is  terminal  in  position, 
whilst  its  diameter  usually  equals  that  of  the  cell.  In  these 
forms,  also,  there  is  no  special  apparatus  for  the  closure  of 
the  mouth  of  the  cell. 

The  surface  of  the  cell  may  be  "  either  smooth  and  entire, 
VOL.  I.  2d 
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spinona  or  gnnnlons;  perforated  with  minute  poree,  or  cribri- 
fonn  with  latger  openings ;  reticulate  or  ribbed,  &c., — all  of 
which  conditions,  with  certain  precautions,  afford  excellent 
diagnostic  cbaracters "  (Bnsk).  The  margins  of  the  month 
of  the  cell,  also,  ma^  be  "  simple  or  tiiickened,  unarmed  or 
beset  with  erect  'marginal  spines,'  which  again  ma^  be  eiUier 
rigid  or  articnlated  at  the  base,  simple  or  branched." 

There  still  remain  three  structures  which  are  present  in 
many  forms,  and  especially  in  the  ChtHagiomaUi.,  which  re- 
quire some  notice.  The  stjuctares  in  question  are  known  as 
the  "ovicell,"  the  "  avicularia,"  and  the  "ribracula." 

The  "ovicell"  is  a  structure  especially  characteristic  of 
the  CheiloBtomatons  Polycoa;  but  ite  presence  is  not  oni- 
versal,  and  when  present  it  may  be  inconspicuous.  Its 
general  form  is  that  of  "  a  more  or  less  rounded  eminence 
situated  above  or  behind  the  celL  .     .     The  cavity  of 

the  organ  is  continuous  with  the  perivisceral  space,  through 
a  passage  situated  at  the  upper  and  back  part  of  the  cell, 
and  through  which  it  would  appear  the  ova  are  conveyed  as 
into  a  sort  of  marsupial  pouch.  This  oi^an  is  wanting  in 
the  Cydogtomata,  in  which  its  functions  are  apparently  sup- 
plied by  a  dilatation  of  the  body  of  the  cell  iteelf."     (Busk.) 

The  "avicularia"  and  "  vibracula"  are  peculiar  appendages 
of  the  ectocyst,  supposed  to  be  weapons  of  offence  and  de- 
fence, or  to  subserve  some  unknown  fiinction  in  the  economy 
of  the  colony,  and  believed  by  Prof.  Huxley  to  be  peculiarly 
modilied  polypides.  The  avicularia,  or  "  bird's  -  head  pro- 
cesses," differ  a  good  deal  in  shape,  but  consist  essentially  of 
a  "  movable  mandible  and  a  cup  furnished  with  a  homy 
beak,  with  which  the  point  of  the  mandible  is  capable  of 
being  brought  into  apposition  "  (Busk). — In  shape  they  are 
often  closely  similar  to  the  head  of  a  bird  (fig.  260,  3),  and 
they  perform  a  peculiar  snapping  movement,  which  is  con- 
tinued long  after  the  apparent  death  of  the  colony.  In 
many  respects  the  avicularia  are  comparable  with  the 
"  pedicellariie  "  of  the  Sea-urchins  and  Star-fishes.  In  the 
"  vibracula,"  the  place  of  the  mandible  of  the  avicularium 
is  taken  by  a  bristle  or  seta,  which  is  capable  of  extensive 
movement. 


.obyGooglc 


POLYZOA  OR  BRYOZOA.  419 

The  following  table  exhibitB  the  leading  groups  of  the 
Polyzoa: — 

Table  or  thb  Divieioiis  of  thk  Polfzoa. 
OnnaB  I.— P&yuxjtolxiuta. 

Tentsclw  amnged  in  the  shape  of  a  hone-ehoe  or  crescenL  Hoath 
furnished  with  a  Tslve-like  organ  or  "epistome." 

Sub-oriUT  I.  Lophopea  (fiesh  -  water). — Arms  of  the  tentacular  disc 
("  lophopkore  ")  free  or  obsolete  ;  consistency  homy  or  sub-calcareous. 

Sub-order  2.  PidiceUinta  (marine). — Arms  of  the  tentacular  disc  nnited 
at  thoii  eitremities ;  consistenoe,  soft  and  fleshy. 

Svb-order  3.  Elu^idcptturta  (marine). — CtEnoecimn  hranched,  adherent, 
membianouB,  with  a  chitinous  rod  on  its  adherent  side.    Tentacular  disc 
hoiBe-shoe-shaped.    No  epiatome  (T). 
Obdxb  II. — Othnolam ATA. 

Tentacles  arranged  in  the  form  of  a,  more  or  less  complete  circle.  No 
Tslve-like  organ,  or  "  epistome,"  arching  over  the  month. 

Sub-Girder  4.  Palvdiailea  (besh-waler). — Polypide  completely  retrac- 
tile ;  evagination  of  tentacular  sheath  imperfect ;  consistence,  homy  or 
euh-calcar«ous. 

S>A-order  S.  (^uUottcmata  (marine). — Polypide  completely  retractile  ; 
evagination  perfect ;  orifice  of  cell  sub-terminal,  of  leas  diameter  than 
the  cell,  and  usually  dosed  with  a  movable  lip  or  shutter,  sometimes  by 
a  contractile  sphincter ;  cells  not  tubular ;  conBiBt«nce,  calcareous,  homy, 
or  fleshy. 

Sub-order  6.  Oyelo*iomata  (marine). — Cell  tubular ;  orifice  l«rmin«l,  of 
the  same  diameter  as  t^e  cell,  without  any  movable  apparatus  for  its 
closure ;  consistence,  calcareous. 

Sub-order  7.  OUtwetomata  (marine). — Orifice  of  the  cell  terminal,  fur- 
nished with  a  usually  setose  fringe  for  its  closure  i  cells  distinct,  arising 
from  a  common  tube ;  consbtence,  homy  or  camose. 

Of  the  above  Bob-orders  of  the  Polyzoa,  only  the  marine 
groups  of  the  Cheilostomata  and  Cydoatomaia  are  known  to 
occur  in  the  fossil  condition ;  their  pieservstion  being  due  to 
their  marine  habits  and  their  general  possession  of  a  calca- 
reous or  sub-calcareous  ccenceciom.  The  general  facts  as  t« 
tbe  distributioD  of  the  Polyzoa  in  past  time  have  been  already 
alluded  to.  The  (Hdhamia  of  the  Cambrian  rocks  and  the 
Graptolites  have  been  referred  to  the  Polyzoa;  but  the  former 
is  probably  a  plant,  and  the  latter  almost  certainly  belong 
to  the  Hydrozoa.  The  genus  Dictyonenia  of  the  Upper 
Cambrian,  Silonau,  and  Devonian  (fig,  52),  ia,  however,  ver}' 
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possibly  really  a  Polyzoon,  and  has,  indeed,  been  compared 
by  Sir  Wyville  Thomson  with  the  living  Polyzoan  genus 
Naresia.  Leaving  Uiese  out  of  account,  the  Pdyzoa  seem  to 
commence  in  the  Lower  Silurian,  and  are  well  represented 
in  the  Upper  Silurian,  Devonian,  Carboniferous,  and  Permian 
rocks,  but  especially  in  the  Garbonil'erous.  None  of  the 
Palaeozoic  genera  extend  into  the  Secondary  period.  In  the 
Secondary  period  Pdyzoa  are  very  abundant,  and  they  attain 
their  ma^simum  of  development  in  the  Cretaceous  period, 
the  Chalk  having  yielded  over  two  himdied  species  belonging 
to  this  class.  In  the  Tertiary  period,  also,  Polyzoa  are  abun- 
dant ;  the  Coralline  Crag  (Pliocene)  deriving  its  name  from 
the  great  profusion  of  its  Polyzoan  remains. 

The  PaUeozoic  Pdyzoa  are  both  very  numerous  and  very 
peculiar  in  their  characters ;  but  they  may  be  briefly  con- 


sidered  here  under  the  head  of  a  limited  number  of  leading 
types.  Foremost  among  these  is  the  genus  Fmestdla,  the 
type-form  of  the  great  group  of  the  FenesteUidce  or  "  Lace- 
corala,"  ranging  in  geolf^cal  time  from  the  Lower  Silurian 
to  the  Permian,  where  it  seems,  so  far  as  known,  to  become 
extinct.  In  this  genus,  the  ctencecium  (fig.  262)  forms  a 
funnel-shaped  or  fan-shaped  expansion,  the  base  of  which  is 
attached  to  some  foreign  object.  The  coencecium  is  com- 
posed of  a  number  of  nearly  parallel  stems,  united  to  one 
another  by  numerous  cross-bara  or  "  dissepiments,"  enclosing 
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small  interspaces.  The  outer  surface  of  the  branches  is 
minutely  porous  or  longitudinally  striated.  The  inner  sur- 
face of  tJie  branches  exhibits  a  central  ridge  or  keel,  separat- 
ing the  mouths  of  two  rows  of  cells.  Sometimes  there  is 
an  additional  row  of  cells  on  the  mesial  keel,  and  the  dis- 
sepiments are  usually  destitute  of  cells.  The  entire  coenoe- 
cium  is  calcareous.  In  the  nearly  allied  genus  Phyilopora  or 
Retepora}  the  ccencecium  is  also  a  fan-shaped  expansion,  and 
is  also  of  a  calcareous  consistence.  In  place,  however,  of 
transverse  dissepiments,  the  branches  of  the  ccencecium  unite 
with  one  another  in  such  a  manner  as  to  form  ovate  inter- 
spaces or  "  fenestrules."  The  outer  surface  of  the  ctentecium 
is  non-celluliferous  and  minutely  striated.  The  inner  surface 
bears  two  or  more  rows  of  small  cells.  The  genus  ranges 
from  the  Lower  Silurian  to  the  Permian.  Actijiostoma,  of 
the  Carboniferous,  is  like  Feneslella  in  having  a  fenestrated 
frond,  poriferous  on  one  side  only,  but  the  branches  are  not 
keeled,  the  cell-mouths  are  furnished  with  radiating  teeth, 
and  the  cells  have  a  second  smaller  aperture  close  to  their 
ends.  Polypora  (fig.  264,  a),  abundant  in  the  Devonian  and 
Carboniferous,  resembles  Fenestdla  in  general  form ;  but  the 
branches  are  not  keeled,  and  are  pierced  by  from  three  to 
five  rows  of  cell-openings,  while  the  "  dissepiments  "  are  solid 
and  non-poriferous.  Sjpwdadia,  of  the  Carboniferous  and 
Permian,  has  the  funnel  -  shaped  and  reticulated  frond  of 
Fenestella  and  Polypora,  but  the  dissepiments  are  directed 
obliquely  upwards,  bearing  two  rows  of  pores  each,  while  the 
branches  carry  from  three  to  five  rows  of  pores  separated  by 
keels.  Carinopora,  again,  of  the  Devonian,  has  the  external 
features  of  Retepora ;  but  the  branches  are  furnished  inter- 
nally with  immense  keels,  bordered  on  each  side  by  a  single 
row  of  pores.  Lastly,  in  Ptilopora  (fig.  263)  are  forms 
essentially  similar  to  Fenestdla,  but  having  a  feather-like 
arrangement,  consisting  of  a  central  stem  giving  off  lateral 

'  Th«  name  Belepora  haa  berome  lo  fiimlf  BtUch«d  to  this  gettiiB,  thst  it 
appears  difficult  to  dislodge  it  note.  The  Palnnzoic  type*  ao  named  arv,  how- 
ever, alb^ther  without  relationship  with  the  more  modern  true  Rd,eponx, 
and  it  wonld  therefore  be  beat  to  adopt  for  them  Prof.  King's  uame  of  Phyi- 
lopora. 
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branches,  which  are  connected  by  diBsepimente,  leaving  oval 
feneBtmlea. 

Among  the  more  abnormal  forms  of  the  Fenentellidaf,  Hemi- 
trypa  comprises  Devonian  and  CarboniferouH  forms,  in  which 
the  ccencecium  is  funnel-shaped  and  reticulata,  as  in  Fenes- 
tella  ;  but  the  branches  have  high  ridges  externally,  and  the 
crests  of  these  are  united  by  cross-bars  or  dissepiments,  which 
are  so  thickened  laterally  as  to  leave  only  smaU  round  pores. 
The  pores  open  into  galleries  between  the  branches,  and 
these  open  internally  by  a  second  set  of  pores,  the  mouths  of 


the  cells  themselves  opening  into  the  galleries  just  mentioned. 
Another  remarkable  genus  is  ArdiiTtudipora  (fig.  264,  c), 
which  occurs  abundantly  in  parts  of  the  Carboniferous  series 
of  North  America.  In  this  genus  the  ccencecium  is  wound 
in  an  oblique  spiral  round  a  solid  central  screw-like  axis. 
The  fan-shaped  expansions  of  the  frond  are  simply  redcidate 
externally,  but  the  branches  carry  a  double  row  of  cell-pores 
internally.  In  the  genus  Olauamome  (Acanihodadia,  King), 
again,  the  ccencecium  is  branched  in  &n  irr^ular  manner, 
and  the  lateral  off-eets  (fig.  264,  i)  are  not  united  by  dissepi- 
ments. The  one  side  is  simply  longitudinally  striated,  but 
the  other  side  exhibits  a  double  series  of  alternately  placed 
cell-mouths,  other  cells  being  placed  on  the  small  side-shoots 
of  the  frond.     The  genus  is  Carboniferous  and  Devonian. 
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Lastly,  in  the  Lyropora  of  the  Carboniferous,  the  ccencecium 
resemblea  that  of  Fenettella  id  general  features,  but  the  net- 
like  &ond  is  bounded  by  solid  lateral  supports,  which  spring, 
like  the  two  branches  of  the  letter  U,  from  a  small  base  of 
attachment. 


Fig.  M*.— Ckiboaiftrooi  Fvtuioa.  a,  Pngmeat  of  Potupm  ilndnldi*,  oT  Ua  witiuil 
■Ik— IraUnd;  a',  SauU  pocUon  of  th*  dUiUi  ssUiBed  to  iliow  tha  caUij  b,  Olawnwiu 
pufajbirriniii,  >  bigmuBt,  of  ths  utanl  iln— tnUnd ;  b',  PoRkm  at  Uh  Mm*.  euUrged ; 
e.  The  oaatnl  Kiew-Uke  mila  of  ArdUmtdlprmi  PTonAiu,  ot  Uia  niRinl  itia— CarboDltlinnu, 
Amsitca;  e',  PoitloB  of  the  aitarlor  or  Uia  frond  of  tha  aame.  anluKed;  s",  Portloo  of 
tha  Intartor  of  tha  trond  of  tha  MUBt,  (hotrlng  tha  ntoathi  of  tha  ealli,  auluged.  (ARat 
11 -Cot  ud  BiU.) 

Another  great  group  of  Palaeozoic  Pdyzoa  is  t^ified  by 
the  widely-distributed  genus  PtUodictya,  which  ranges  from 
the  Lower  Silurian  to  the  Carboniferous.  In  this  genua  the 
ccenoecium  is  flattened,  foliaceous,  or  more  commonly  dicho- 
tomously  branched.  The  cellules  are  placed  obliquely  upon 
both  sides  of  the  thin  flat  Irond,  being  separated  by  a  deli- 
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cate,  striated,  calcareous  membrane  (fig.  265),  and  opening 
on  the  surface  by  round  or  oval  mouths,  while  the  margins 
of  the  frond  are  striated  longi- 
tudinally and  destitute  of  cell- 
mouths.  The  Heterodictya  of 
the  Devonian  resembles  a  large 
Ptilodictya  in  form,  and  con- 
sists similarly  of  two  layers  of 
cells,  separated  by  a  thin  cen- 
tral lamina,  and  opening  oq 
opposite  sides  of  the  flattened 
frond;  but  there  is  the  differ- 
ence that  the  cells  are  divided  by 
transverse  partitions  or  "  tabuhe," 
structures  which  are  otherwise 
almost  unknown  amongst  the 
forms  universally  recognised  as 
Clathropora,  again,  of  the  Upper  Silurian  and  De- 
vonian, quite  resembles  PtUodidya  in  internal  structure  ;  but 
the  ccenoecium  (fig.  266)  is  in  the  form  of  a  broad  fan-like 
expansion,  perforated  by  regularly  -  placed  round  openings, 
the  mai^ns  of  which  are  striated  and  non-cel)uUferous. 


Fig.  Mi.—Ptatdl<tfa  Jaldfir^iiii.  a. 
Bmall  BpedOHD  of  th«  natunl  il» ;  b, 
Cni»>j6ctlon,  ihowfng  tbe  ahipe  of  tta« 
rnmd;  c.  Portion  otChFnirbce.enluBed. 
Trenton  Llmalonc  and  CincinDiti  Ontup, 
Anwrlei.    (Origin*!.) 


Ui«  utanl  dis  UMl  (b- 
lo,  of  tbe  Ditonl  Urged.  n«n)iilui,  CuuAi. 
.    (Orlglniil.)  (OiigliuL) 


As  the  representatives  of  another  great  group  of  Palse- 
ozoic  Folyzoa,  we  may  take  the  Silurian,  Devonian,  and 
Carboniferous  forms  which  have  been  described  under  the 
names  of  Ceriopora,  Bliabdomeson,  TrevuUopora,  and  ffelopom. 
All  these  have   the   form  of  slender  rounded    stems,  usu- 
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ally  more  or  less  branched,  and  consistii^  of  small  tubes 
radiating  from  a  central  line,  and  opening  at  all  points  of 
the  surface,  diminutive  tubules  sometimes  occupying  the 
interspaces  between  the  larger  cells.  The  minute  structure 
of  moat  of  the  forma  generally  placed  under  Cmopora,  as 
well  as  of  those  named  Trematopora  and  Hdopora,  is  ettll 
very  little  known ;  but  the  RhabdoTneson  of  the  Carbonifer- 
ous has  been  shown  by  Professor  Young  and  Mr  John 
Young  to  have  the  curious  feature  that  the  cells  spring  from 
a  central  hollow  axis.  It  is  possible  that  all  of  these,  and 
perhaps  some  other  Faleeozoic  forms,  may  be  ultimately 
shown  to  be  allied  to  the  true  Cerioporida ;  but  their  true 
afBnities  and  relations  are  at  present  more  or  less  uncertain. 

We  may  here  make  a  few  remarks  upon  the  position  of 
R  number  of  common  and  widely  distributed  FalEeozoic 
fossils,  belonging  to  such  genera  as  C/uetdes,  MimtictUipora, 
Callopora,  Fistulipcra,  &c.  These  are  now  very  generally 
regarded  as  being  really  Pdyzoa,  and  tome  of  the  forma 
which  have  been  described  under  some  of  the  above  generic 
titles  are,  doubtless,  really  of  this  nature.  Moreover,  there 
is  a  strong  rasemblance  between  certain  of  the  above  types 
and  some  undoubted  Tertiary  and  Eecent  Polyzoa  {e.g.. 
Heteropora).  On  the  other  hand,  all  the  forms  which  can 
be  allowed  to  stand  finally  under  any  of  the  above  heads, 
have  the  feature  that  the  tubes  are  crossed  by  transverse 
calcareous  partitions  or  "  tdbultB,"  these  structures  being 
quite  unknown  among  recent  Polyzoans.  They  have,  also. 
strong  and  numerous  points  of  agreement  with  various 
forms  (such  as  Alveoliies,  FavosUes,  Tetradium,  &c.)  which 
cannot,  at  present,  be  removed  from  the  Corals  without 
violence.  It  has  therefore  seemed  best,  in  the  meanwhile 
at  any  rate,  to  consider  the  forma  in  queation  as  being 
Actinoxxi,  and  as  not  certainly  referable  to  the  claaa  now 
under  consideration. 

A  fourth  group  of  Paleeozoic  Polyzoa  includes  a  number  of 
forms  which  form  thin  crusts,  growing  parasitically  upon 
sheila,  corals,  and  other  foreign  bodiea,  and  which  may  be 
taken,  in  a  general  way,  as  ancient  representatives  of  the 
existing  family  of  the  Memiraniporida.     The  Silurian  Pales- 
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chara,  vhicb  generally  formB  thin  cnista,  composed  of  poly- 
gODol  cellB,  may  be  taken  as  the  type  of  this  group,  and 
appears  to  be  allied  to  the  recent  FliutrcB.  Some  of  the 
forms  which  have  been  referred  to  Monticvlipora  will  doubt- 
less find  their  true  place  in  this  Polyzoan  genua. 

Still  another  group  of  the  Pakeozoic  Polyzoa  is  typified  by 
the  Sippothoa  of  the  Lower  Silurian  (fig.  268,  c),  a  genus  still 
ia  existence.  In  this  form  the  ccenoecium  is  parasitic  and 
decnmbent,  and  consists  of  rows  of  pyriform  cells,  each  with 
a  single  opening  on  its  front  face,  lateral  branches  similarly 
composed  being  given  off  from  the  sides  of  certain  of  the 
cells. 


Fig.  Wa—A,  Partlon  ot  till  canndam  of  .^iKla  aulopcnicfu.  of  Uii  nitonl  liie  ud  «■>■ 
l*Tgcd~Lowar  Bilnrlui ;  i^  Poitton  oT  tht  dEnceciain  of  Ctramapam  Hmimmu^  of  tba 
■wtsnl  »Ue  ud  enlirgcd— DctodIu  ;  r,  Portion  of  Uis  ctEUKiimi  or  Blppiaea  fivlsAi,  of 
the  natDiml  dia  ud  «Iilu^~-Loinr  SilnrtuL    (OrlRluL) 

Lastly,  we  have  a  group  of  Palaeozoic  Pdyxaa,  typified  by 
the  genua  AUcto  (fig.  268,  a),  and  belonging  to  the  Cyclosto- 
matons  division  of  the  class,  and  to  the  iamily  TvbuiiporidtB. 
In  this  form  the  coencecium  is  parasitic  on  foreign  bodies, 
and  the  cells  are  tubular,  with  round  mouths,  and  disposed 
either  in  single  series  or  in  insular  transverse  tows. 

In  the  Ceramopora  of  the  Silurian  and  Devonian  forma- 
tions (fig.  268,  b)  we  have  another  Cyclostomatous  genus, 
with  relations  to  both  Alteto  and  DiatAopora.  The  ccencecium 
in  this  form  has  the  character  of  thin,  generally  circular, 
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Utough  eoroetmies  quite  irregular  crusts,  growing  upon  foreign 
bodies,  and  often  superimposed  in  successive  layers  one  above 
tlie  other ;  the  cells  being  easUy  recognised  by  their  arched, 
subtriangular,  or  crescentic  mouths. 

Tbe  Secondary  and  Tertiary  Folyzoa  are  so  numerous  and 
varied,  and  from  their  small  size  are  so  difficult  of  study, 
that  it  Till  be  sufficient  here  to  give  an  extremely  brief  and 
general  review  of  the  leading  groups.  Taking  the  Cheilosto- 
Toatoua  Polyxoa  first,  we  find  that  only  a  certain  number  of 
the  known  fanulies  have  been  as  yet  detected  in  the  fossil 
condition.  The  first  of  these  is  the  family  Cdlulariadee,  in 
which  the  ccenoecium  is  branched  and  erect,  and  the  branches 
are  linear  and  composed  of  cells  arranged  in  the  same  plane. 
As  t^e  type  of  this  family  we  may  take  the  genus  Scrvpocel- 
laria  (fig.  269,  £),  of  the  Tertiary  and  Becent  periods.  In 
the  family  of  the  SaiicomariadaB  the  coenoecimn  is  erect  and 
dichotomously  divided,  the  branches  being  cylindrical,  and 
the  cells  disposed  round  an  imaglnaiy  axis.  In  Saliaymana 
(fig.  269,  c),  of  the  Tertiary  and  Becent  seas,  tbe  surface  is 
divided  into  rhomboidal  or  hexagonal  spaces,  representing 
the  front  walls  of  the  cells,  and  irregularly-disposed  avicu- 
laria  are  present.  In  tbe  family  of  the  ff^jpotkoidcE  the  poly- 
zoary  is  creeping  and  attached  to  fore^  bodies,  the  cells 
being  pjrriform,  distant,  and  arranged  in  linear  series.  Tbe 
principal  genas  is  Hippothoa  (fig.  268,  c),  which  is  mdstty 
Tertiary  and  Becent,  but  which,  as  we  have  seen,  is  repre- 
sented by  a  well-marked  form  as  early  as  the  Lower  Silurian. 
More  important  than  any  of  tbe  preceding  is  tbe  family  of 
the  Membramporida,  in  which  there  ia  an  encrusting  cal- 
careons  or  comeo-catcareona  potyzoary,  composed  of  horizontal 
and  contigaous  cells.  In  the  comprehensive  genus  Membrani- 
pora  (6g.  261)  the  front  wall  of  the  cell  is  to  a  larger  or 
smaller  extent  membranous,  so  that  in  all  but  actually  fresh 
specimens  it  appeara  to  be  to  a  corresponding  degree  deficient 
and  open,  while  the  cells  are  surrounded  by  on  elevated 
border.  Numerous  species  of  the  genus  are  found  in  the 
Cretaceous,  Tertiary,  and  Becent  periods ;  and  some  ancient 
types  (such  as  the  previously-noticed  Paleaekara  of  the  Si- 
lurian) appear  to  be  nearly  related  to  this.      An  equally 
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comprehensive  genus  of  thie  family  is  Lepralia  (fig,  269,  a), 
in  which  the  cuencecium  usually  forms  circumscribed  crusts 


rig.  2W.— ji.  A  fSw  «1J>  or  Ltfmiiia  vitAaaa  (Fliocene  and  Recent).  nKgnLBed :  b,  Cdltptra 
rrmnu/tna,  ot  Hm  nitunt  sia,  mid  ■  portion  ot  tlie  iBiflce  enlarged  (FUdccdb)  ;  c,  A  ■null 
plere  or  SnlioirmiHa  crntn.  of  the  tmliinl  ilia  ud  enlarged  (Pllacsne);  d,  LnnulUa  quodnU, 
of  the  natuiml  miza,  ud  ft  ■mall  portion  of  the  upper  inrfece  enlarged  (Tertlarr) ;  k,  A  frag- 
. ment  or  $mitw«(liiHnrlIiptIoi,  viewed  fronibelilnd, enlarged  (Tertiary);  f,  A  aniaU  piece  of 
Criila  ddUtculala  (Tertiarr).  enlarged  ;  o,  A  fragment  of  Ttibullpom  JUJttUaHi  (TerttaryX 
enlarged ;  a.  A  fmgmBnt  of  Wortiporn  itmfJa:,  enlarged  (Tertiuj) ;  i,  A  piece  of  Vtnndana 
ffaliHniwrt,  natnni  ilse  and  enlarged  (Tortiatj) :  j,  Idnonm  fmrMimta,  ralunil  sfm  and  on- 
lartted  (Tertlaij) ;  K,  Solium  reltporaaa,  natunl  ilte  and  enlarged  (TFrtllc7'>    (After  Bu>k 

growing  upon  foreign  bodies,  and  the  front  wall  of  the  cells 
(though  sometimes  more  or  less  minutely  perforated)  is  com- 
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pletely  cFilcified.  This  genus  begins  at  least  as  early  as  the 
Cretaceous  period,  and  is  represented  by  numerous  Tertiary 
and  living  types.  In  the  family  of  the  CMeporidae,  again,  we 
have  forms  in  which  the  polyzoary  is  irregular,  often  massive 
in  its  mode  of  growth,  composed  of  cells  which  are  more  or 
less  vertical  to  its  own  plane  or  axis,  and  which  are  heaped 
up  or  irregularly  superimposed  upon  one  another.  Cdlepora 
itself  (fig,  269,  b)  is  principally  Tertiary  and  Itecent.  Another 
important  family  is  that  of  the  Escharidcc,  in  which  the  cceu- 
(ecium  is  erect  and  rigid,  with 
quincuncially  -  arranged  ceils 
disposed  in  a  single  plane  on 
one  or  both  sides  of  the  frond. 
In  Eschara  (fig.  270)  the 
polyzoary  may  be  broad  and 
leaf  -  like,   or   branched    and 

nearly  linear,  and  the  cells  ■Pig.vo.—EKhaniaanniainxut.  3-anxi,K. 
are    placed    back    to     back, 

amalgamated  with  each  other  by  their  walla,  and  opening 
on  both  surfaces  of  the  frond.  The  genus  is  abundantly 
represented  from  the  Jurassic  to  the  present  day.  Bi- 
fiuMra  (Cretaceous  to  Kecent)  resembles  Eschara  in  the 
composition  of  the  colony  out  of  two  layers  of  cells  placed 
back  to  back,  but  the  cells  are  incomplete  in  front,  and  pos- 
sess a  raised  border,  while  they  are  readily  separable  from 
each  other.  A  third  genus  of  this  family  is  Ed^xrra^,  in 
which  the  ccencecium  is  more  or  less  branched,  often  retic- 
ulate, funnel  -  shaped,  or  fan  -  like,  the  cells  opening  only 
on  one  (the  upper)  surface.  The  genus  is  Tertiary  and 
Kecent. 

Still  another  interesting  group  is  the  family  of  the  Selen- 
ariadec,  with  the  curious  allied  types  of  Sdmaria,  Cupularia, 
and  Lunuliies,  ranging  from  the  Cretaceous  to  the  present 
day.  In  these  singular  forms  (fig.  269,  d)  the  polyzoary  is 
free,  and  consists  of  a  plano-convex  or  concavo-convex  disc, 

'  An  prerionsly  remarked,  this  {{eana  has  nothing  to  do  with  the  fomu  from 
the  Palieoioic  rocks  gcoerally  known  b;  the  nanie  Selepora.  These  latter 
hare  no  claim  to  this  generic  title,  and  should  stand  under  the  genua  Phyllo- 
pora  at  King. 
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composed  of  only  one  layer  of  cells,  the  mouths  of  which 
open  on  the  convex  surface.  Lastly,  we  have  the  family  of 
the  Vvacviariada,  typified  by  Viiundaria  itself  (fig.  269,  l), 
in  which  the  polyzoary  is  erect,  rigid,  and  branched,  the 
cells  disposed  alternately  round  an  imaginary  axis,  and 
having  a  raised  border  in  front.  The  undoubted  species  of 
the  genua  are  Cretaceous,  Tertisry,  and  Becent ;  but  it  seems 
probable  that  some  of  the  PalsBozoic  Polyzoa  may  ultimately 
be  referred  to  this  family,  if  not  to  this  genua. 

Passing  on  next  to  the  series  of  the  Cycloetomaiom  Polyzoa, 
with  their  tubular  cells  and  terminal  cell-mouths,  we  need 
merely  mention  the  family  of  the  CriMadx,  represented  in 
Tertiary  deposits  by  the  genus  Crisia  (fig.  269,  r).  A  much 
more  important  family  is  that  of  the  Idmoimdas,  in  which 
the  polyzoary  is  erect,  simple,  or  branched,  the  branches 
usually  round,  and  sometimes  anastomosing  with  one  an- 
other. In  the  genus  Somera  (fig.  269,  k)  the  cells  open 
on  one  side  only  of  the  branches,  tiie  mouths  being  placed 
in  somewhat  rhomboidal  spaces  marked  out  by  wavy  anas- 
tomosing ridges.  The  species  of  this  type  are  Cretaceous, 
Tertiary,  and  Eecent,  but  some  PalESOzoic  forms  may  possibly 
find  a  place  here.     In  Idvwnea  itself  (fig.  269,  J),  on  the 


ti%.  VL^evtatofim  (ifnlolffukoni)  aOaTioida,  nitunl  bLie  ind  enluD«d.    Jnrusk. 

other  hand,  the  celU  are  disposed  in  transverse  or  oblique 
rows  on  each  side  of  the  front  faces  of  the  branches,  which 
are  divided  mesially  by  an  angulation  or  longitudinal  keel. 
The  genus  ranges  from  the  Cretaceous  to  the  Tertiary.  In 
the  third  genus,  Pustulopora  {Entaiopkwa),  the  tubular  cells 
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open  on  all  sides  of  the  branchea  (fig.  271).  The  genus 
extends  from  the  Cretaceous  to  the  Beceut  period.  The 
family  of  the  Tvbulijwidce  includes  a  number  of  well-known 
forms,  in  which  the  tubular  cells  of  the  polyzoary  are  more 
or  less  largely  free  and  disconnected.  In  the  genus  Tvindi- 
pora  (fig.  269,  G)  the  tubes  are  free  for  a  great  part  of  their 
length,  and  the  colony  is  attached  more  or  leas  extensively 
by  its  base,  the  cells  radiating  from  an  excentric  point.  The 
genus  seems  to  extend  from  the  Cretaceous  to  the  present 
day.  Aledo  (^.  268,  A)  is  very  like  the  preceding,  but  the 
coenuecium  is  creeping  and  irregularly  branched,  and  the  cells 
are  only  &ee  close  to  their  mouths,  and  do  not  ascend  as  in 
Tvbulipora.  The  best-known  forms  of  this  genus  are  Tertiary 
and  £ecent,  but  examples  which  appear  to  be  clearly  refer- 
able to  it  are  found  in  deposits  as  old  as  the  Lower  Silurian. 
MeserUerypora  (Bidiastopora),  again,  resembles  Aledo,  but  the 
ctenoecium  is  foliaceous,  and  the  cells  are  in  two  layers, 
separated  by  a  calcareous  membrane  and  opening  on  both 


Fig  ?i'l.-Va»iter<;iDra(eiilJail<i}«ra)a>Ti«niiE,natunliiiEe  and  enlarged     Junnic. 

Closely  allied  to  the  Tvhuliporidte  ia  the  great  family  of 
the  Diastoporid^,  chiefiy  distinguishable  from  the  preceding 
by  the  fact  that  the  tubular  cells  are  not  free  even  at  their 
terminal  portions.  In  this  group  the  genus  TiAtdipora  of 
the  preceding  is  represented  by  Biastopora  (fig.  269,  h),  in 
which  the  encrustii^  ccencecium  is  discoidal,  and  more  or 
less  excentric  in  its  mode  of  growth.  The  CeratRopora  of  the 
Silurian  and  Devonian  (fig.  268,  b),  as  before  noted,  is  related 
to   Bia^opora  in   many  respects.     PtUinella   (ranging   from 
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the  Cretaceous  to  the  lieoent  period)  has  a  discoidal  poly- 
zoary,  with  the  tubes  concentrically  opening  on  the  upper 
surface.  Sermicea  has  the  cceuoecium  composed  of  a  series 
of  superimposed  layers.  Discoporeila,  of  the  Tertiary,  is  like 
Patmdla,  but  there  is  an  interstitial  cancellated  tissue  between 
the  tubes ;  and  Defranda  (Jurassic  to  Becent)  is  chiefly  dis- 
tinguished from  both  of  these  by  the  fact  that  the  cells  are 
disposed  in  distinct  elevated  ridges  radiating  from  the  centre 
of  the  disc. 

In  the  family  of  the  CerioporidtE,  again,  are  forms  with  a 
solid,  simple,  or  branched  coenuecium,  composed  of  crowded 
contiguous  cells.  In  Fungella  (Cretaceous  and  Tertiary), 
the  colony  is  stalked,  and  the  cells  open  on  its  upper  sur- 
face. Ceriopora  itself  is  an  ill-defined  genus,  the  limits  and 
range  of  which  are  not  known,  forms  of  very  diverse  a£6ni- 
ties  having  been  included  by  palseontologists  under  this 
name.  It  is  possible,  however,  that  in  the  reconstitution  of 
this  genus,  certain  of  the  Palaeozoic  Pdyzoa  may  be  found 
capable  of  inclusion  in  it,  as  a  more  than  merely  provisional 
arrangement.  A  better  -  defined  genus  of  this  family  is 
Heteropora  (fig.  259),  which  apparently  commences  in  the 
Jurassic,  and  is  represented  at  the  present  day  by  a  single 
species  (still  undescribed)  from  the  seas  round  N^ew  Zealand. 
In  this  genus  the  polyzoary  is  erect,  and  usually  more  or 
less  branched,  the  branches  being  cylindrical.  The  cell-tnbes 
radiate  outwards  from  an  imaginary  vertical  axis,  being  ver- 
tical in  the  centre  of  the  branches  and  becoming  nearly 
horizontal  as  their  mouths  are  approached.  On  the  surface 
are  seen  two  sets  of  differently-sized  openings,  of  which  the 
laigest  are  the  cell-mouths,  and  are  much  fewer  in  number 
thau  the  others.  The  smaller  and  more  numerous  openings, 
on  the  other  hand,  are  generally  termed  "  ostioles,"  on  the 
belief  that  the  small  canals  into  which  they  lead  are  not 
of  the  nature  of  true  "  cells,"  but  are  possibly  water-canals. 
These  so-called  "interstitial  canals"  may,  however,  possibly 
have  lodged  a  peculiar  set  of  zoiiids,  the  colony  being  a 
dimorphic  one.  Be  this  as  it  may,  the  mouths  of  these 
canals  ("  ostioles ")  are  often  closed   at  the  surface  by  a 
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calcareous  lid,  Trhich  is  usually  perforated  in  the  ceotre.  In 
the  course  of  growth  a  number  of  these  hymen-like  dia- 
phragms may  be  formed  in  each  of  the  interstitial  canals,  and 
these  tubes  may  thus  come  to  be  crossed  by  a  succession  of 
perforated  transverse  partitions,  which  look  like  the  "tabula" 
of  the  "  Tabulate  Corals."  No  such  partitions,  however,  are 
ever  found  in  the  larger  tubes,  which  are  regarded  as  the 
true  "  cells."  Heteropordla  agrees  with  Hderopora  in  essen- 
tials, but  forms  crusts  upon  foreign  bodies. 

We  have  dwelt  at  some  length  on  the  structure  of  Hetero- 
pora,  as  it  has  an  important  bearii^  upon  the  question  as 
to  the  true  aflinities  and  systematic  position  of  certain  of 
the  so-called  "  Tabulate "  corals  (such  as  Chtetdes,  Fistidi- 
pora,  &c.)  The  general  resemblance  between  specimens  of 
Heteropora  and  certain  species  of  ChcUetes  is  undoubtedly 
very  striking ;  and  it  seems  quite  probable  that  sotm  of  the 
forms  which  have  been  described  under  the  generic  names 
of  GAteletes,  MoTUiculipora,  CaUopora,  &c.,  may  really  prove  to 
be  related  to  Heteropora,  or  to  Heteropordla.  The  typical 
forms  of  the  above-mentioned  Palaaozoic  genera  invariably, 
however,  possess  complete  transverse  partitions  or  "  tabula; " 
crossing  both  the  larger  and  smaller  tubes  (when  both  sets 
of  tubes  are  present).  In  spite,  therefore,  of  the  general 
resemblance  between  them,  we  are  at  present  hardly  justified 
in  asserting  that  these  types  have  any  actual  relationship 
with  ffeteropora. 

The  last  family  of  the  Cyclostomatous  Polyxoa  which  needs 


pig.  !7a.—F(HcfcHia  ria  (iUMnilnijMni)  ttnbrijomii.    Tertiiry. 

to  "be  mentioned  is  that  of  the  Tkeonoidce,  comprising  massive, 
globose,  or  irregular  forms,  in  which  the  cell-tubes  are  con- 
tiguous and   crowded   together.     The   two   principal  genera 
VOL.  I.  2  E 
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are  Alveolaria  and  Faxcicuiaria,  both  found  in  the  so-called 
"  White  Crag "  or  "  Coralline  Crag "  (Pliocene),  a  famous 
depot  of  fos^  Pdyxoa.  In  the  latter  (fig.  273)  the  ctence- 
ciiuD  IB  globose  and  often  of  large  size,  tJie  cell-tubee  being 
atranged  in  distbct  bundles,  which  radiate  from  the  centre 
of  the  base  in  all  directions,  or  may  be  disposed  in  vertical 
convoluted  laminee. 
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CHAPTER    XXII. 

BBACHIOPODA. 

The  Brachiopoda  are  defined  as  Molluseoui  ani-mals  in  vihich 
the  body  is  protected  by  a  bivalve  shell,  which  is  lined  by  ex- 
pansiona  of  the  inte^wmeni  or  "  viaiUle."  The  motUh  is  fur- 
nished wUh  long,  spircUlp-coiled,  eirriferous  processes  or  "  arTiis." 
The  animai  is  never  composite.     (Fig  2*14.) 

The  Brackiopoda  are  essentially  very  similar  in  structure 
to  the  Polyzoa,  from  whicli  they  are  distinguished  by  the  fact 
that  Uiey  are  never  composite,  and  by  the  possession  of  a 
bivalve,  calcareous,  or  sub-c^careous  shell.  They  are  com- 
monly known  as  "  Lamp-shells,"  and  are  all  inhabitants  of 
the  sea.  All  the  living  forms,  save  the  aberrant  Lingvla 
pyramidata  (fig.  274,  A),  are  fixed  to  some  soHd  object  in 
their  adult  condition ;  but  there  is  good  reason  to  believe 
that  some  of  the  fossil  forms  were  unattached  and  free  in 
their  fully-grown  condition.  From  the  presence  of  a  bivalve 
shell,  the  Brachiopods  have  often  been  placed  near  the  true 
bivalve  Molluscs  (the  Lamdlibranchiata) ;  but  theii  organ- 
isation is  very  much  inferior,  and  there  are  also  sufficient 
differences  in  the  shell  to  justify  their  separation. 

The  two  valves  of  the  shell  in  any  Bracbiopod  are  artic- 
ulated together  by  an  apfiaratus  of  teeth  and  sockets,  or 
are  kept  in  apposition  by  muscular  action  alone.  As  re- 
gards the  contained  animal,  the  position  of  the  valves  is 
anterior  and  posterior,  so  that  they  are  properly  termed  the 
"  ventral "  and  "  dorsal "  valves.  One  of  the  valves  is  always 
slightly,  sometimes  greatly,  larger  than  the  other,  so  tiiat  the 
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shell  ia  aaid  to  be  "  inequivalve  "  (fig,  275),     On  the  other 
hand,  a  Ime  drawn  vertically  from  the  beak  of  the  shell  to  its 


Fi^.  274,— Morphology  of  ^rofAlflpnlaj  a,  /Jn^ta  pirramldctCa  (after  If  one) :  p^  Peduncle; 
I,  Sand'tube,  encuing  bus  ot  peduncle,  b,  Llngvia  aNalina  (uner  Cuvier):  p,  TIte  pe- 
duncle, c,  WaidMrnia  cnuifim,  with  uUieiHit  foung,  ittBCbdd  to  a  stone  (afler  DiTidBou)  : 
p.  Peduncle;  s,  Venlnl  nlte;  it,  DonI  valve,    o.  Crania  ItnabtrfCfi^  nUacIied  b;  Ibi 


base  (in  fig.  275,  B,  from  c  to  /)  would  diride  it  into  two 
equal  halves,  so  that  the  shell  is  said  to  be  "  equilateral." 
In   the    tirue   bivalve   Shell-fish  {ZameHiiranchiaia},  on  the 


contrary,  the  valves  of  the  shell  are  placed  upon  the  sides  of 
the  contained  animal,  so  that  they  are  "  right "  and  "  left," 
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instead  of  being  doisal  and  ventral.  FurUier,  the  two  valves 
are  usually  of  the  aame  size  (**  equivalve  "),  and  a  line  drawn 
from  the  beak  to  the  base  wotdd  almost  always  divide  the 
shell  into  unequal  halves ;  so  that  the  shell  is  "  inequi- 
lateral." 

Ordinarily  the  ventral  valve  of  the  shell  of  the  Bracbio- 
pods  is  the  larger  of  the  two,  and  it  is  generally  furnished 
with  a  prominent  curved  "  beak."  Very  commonly  the  beak 
is  perforated  by  a  larger  or  smaller  aperture,  which  is  termed 
the  "foramen"  (fig.  275,  b),  and  which  serves  for  the  trans- 
mission of  a  muscular  peduncle  or  stem  by  which  the  shell 
is  attached  to  some  foreign  object  In  some  cases,  however 
(as  in  Lingula,  fig,  274,  b),  the  peduncle  simply  passes  be- 
tween the  apices  of  the  valves,  and  there  is  no  foramen ; 
whilst  in  others  (as  in  Crania,  fig.  274,  d),  the  shell  is 
merely  attached  by  the  substance  of  the  ventral  valve.  The 
dorsal  valve,  which  is  also  usually  the  smaller,  is  always 
free,  and  is  never  perforated  by  a  foramen.  Further,  as 
already  remarked,  there  is  reason  to  believe  that  some  fossil 
fonns  were  free  and  unattached  in  their  adult  condition. 

In  most  living  Brachiopods  the  valves  are  articulated  to 
one  another  by  two  teeth  which  are  developed  upon  the 
ventral  valve,  and  fit  into  corresponding  sockets  in  the  dor- 
sal valve.  Behind  the  dental  sockets  of  the  dorsal  valve 
there  ia  usually  a  prominent  process  ("  cardinal  process  "),  to 
which  are  attached  two  "  cardinal  muscles."  These  are  in- 
serted on  each  side  of  the  centre  of  the  ventral  valve,  and 
serve  to  open  the  sheLL  The  valves  of  the  shell  are  closed 
by  proper  "adductor  muscles"  (usually  four  in  number), 
which  also  pass  between  the  valves ;  and  in  those  in  which 
hinge-teeth  are  wanting,- it  is  by  these  muscles  that  the 
valves  are  kept  together.  These  muscles  leave  "  scars  "  or 
impressions  at  their  points  of  insertion  and  origin :  and  the 
number  and  form  of  these  scars  afford  important  diagnostic 
characters  to  the  palseontolc^st. 

Very  conunonly,  the  beaks  of  the  dorsal  and  ventral 
valves  are  separated  from  one  another  by  a  narrower  or 
wider  space,  which  is  termed  the  "hinge-area"  (fig.  276). 
In  some  genera,  as  in  Spin/era,  the  area  is  very  conspicu- 
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0U3 ;  in  other  cases  it  is  very  narrow,  or  even  does  not  exist. 
In  front  of  the  foramen  of  the  ventral  valve,  and  very  often 
forming  part  of  its  circumference,  there  is  commonly  a  tri- 
angular plate,  which  may  be  composed  of  one  or  two  pieces, 
and  which  is  termed  the  "deltidium"  (fig.  276,  m).  In 
other  cases  this  structure  is  altogether  wanting. 


In  intimate  atructure,  the  shell  of  most  of  the  Brachiopoda 
(fig.  277)  consists  "of  flattened  prisms,  of  considerable  length, 
arranged  parallel  to  one  another  with 
great  regularity,  and  at  a  very  acute 
angle — usually  only  about   10°  or  12° 
— with  the   surfaces  of  the  shell" — 
(Carpenter.)     In  most  cases,  also,  the 
shell  is  perforated  by  a  series  of  minute 
canals,  which   pass   from  one    surface 
of  the  shell  to  the  other,  in  a  more  or 
of  Se  ih'^  of"rmftro/«la!    'css  Vertical  direction,  usually  widening 
orih^heu'indttt^^'    ^  '^^y  approach  the  external  surface. 
These  canals  give  the  shell  a  "  punc- 
tated "   structure,   and  in  the   living    animal    they   contain 
csecal  tubnli,  or  prolongations,  from  the  mantle,  which  are 
considered   by   Huxley  as    analogous  to   the  vascular  pro- 
cesses   by   which   in  many   Ascidians   the   muscular   tunic, 
or  "  mantle,"  is  attached  to  the  outer  tunic,  or  "  test."     In 
some  of  the  Brachiopoda  (as  in  the  Mhpichonellidce)  the  shell 
is  "  impunctate,"  or  is  devoid  of  this  singular  canal  system. 

The  inner  surface  of  the  valves  of  the  shell  is  lined  by 
expansions  of  the  integument  which  secrete  the  shell,  and 
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are  called  the  "  lobes  "  of  the  "  pallium,"  or  "  mantie."  The 
digeetdve  organs  and  muscles  occupy  a  small  space  near  the 
beak  of  the  shell,  which  is  partitioned  off  by  r  membranous 
septum,  which  is  perforated  by  the  aperture  of  the  mouth. 
The  remainder  of  the  cavity  of  the  shell  is  almost  filled  by 
two  long  oral  processes,  which  are  termed  the  "  arms,"  aud 
from  which  the  name  of  the  class  has  been  derived  (fig.  278, 
d).     These  oigans  are  lateral  prolongations  of  the  margins 


pig.  ETB.— rcTcbnilvIa  (WiMhrimid)  JUirtKtni.  a.  Tb«  Bbell  viewed  from  behind,  ibowlng 
the  doraal  valve,  and  Uie  perfunlad  ■Dmmit  of  Uie  centnl  valve  above  it ;  b.  Inner  view  ot 
die  donal  valve,  showing  the  shelly  loop  <I)  which  snpporti  the  apltal  anns ;  c.  Inner  view 
of  the  ventral  valve,  showing  the  forimen  or  aperture  (/)  In  I"'  beak,  through  which  the 
mtiftcaUr  atalk  of  attachment  pajuee ;  d.  Longitudinal  and  vertical  section  of  the  animal, 
ahowing  the  spliil  amu  (oj,  the  atomaeh  W,  and  the  liver  (*X  At  /  la  the  opening  in  the 
beak,  with  the  atalk  of  attachment  <p)  paaaing  through  It  (After  Davldaon  and  Owen.) 
Some  details  have  been  omitted  in  Bga.  b,  c,  and  o,  for  the  sake  of  cleameaa. 

of  the  mouth,  usnally  of  great  length,  closely  coiled  up,  and 
fringed  on  one  aide  with  lateral  processes,  or  "  cirri."  In 
many  Brachiopods  the  arms  are  supported  upon  a  more  or 
less  complicated  internal  calcareous  framework  or  skeleton, 
which  is  sometimes  called  the  "  carri^-spring  apparatus." 

In  some  forms,  as  in  the  Terebratulidat  (fig.  278,  b),  the 
internal  skeleton  which  supports  the  arms  is  a  short  shelly 
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loop,  of  a  very  simple  character.  In  these  ca^es  it  is  ouly 
at  their  bases  that  the  arms  are  supported,  and  they  are 
therefore  more  or  less  movable.  In  other  cases,  aa  in  the 
Spiriferidas  (fig.  279),  the  arms  must  have  been  immovable, 
as  they  are  supported  by  two  thin  apirally-rolled  lamelhe, 
which  form  two  calcareous  spires  in  the  interior  of  the  dor- 
sal valve.  Id  some  cases,  the  whorls  of  these  spires  are  in 
turn  furnished  with  minute  calcareous  spines,  showing  that 
the  cirri  of  the  arms  were  also  supported  by  an  internal 


skeleton.  The  form  and  development  of  the  calcareous  sup- 
ports of  the  arms,  though  liable  to  vary  with  age,  neverthe- 
leBS  furnish  important  characters  in  the  discrimination  of 
fossil  Brachiopods. 

The  Brachiopoda  may  be  divided  into  the  two  orders  of 
the  Jnarticulala  (or  TretentertUa)  and  the  Articviata  {or 
Clistejiterata).  ' 

In  the  first  of  these  orders  {Inarficjdata)  the  valves  of  the 
shell  are  not  united  along  the  hinge-Hue,  the  mantle-lobes 
are  completely  free,  and  the  intestine  terminates  in  a  dis- 
tinct anus.  In  this  division  are  included  the  three  families 
of  the  Craniad^,  Disdnidw,  and  lAngulidce—aR  very  ancient, 
and  aU  represented  at  the  present  day  by  living  forma — to- 
gether with  the  Silurian  family  of  the  TrimerdlidtB. 

In  the  second  order  {AHiculaia)  the  valves  of  the  shell 
are  united  by  teeth  along  the  hinge-line,  the  lohee  of  the 
mantle  are  not  completely  free,  and  the  intestine  ends 
blindly.  In  this  division  are  included  the  living  families 
of  the  Terebratvlidte,  Skynclumdlidfe,  and  the  Theddiida, 
and  the  extinct  families  of  the  Spiriftridee,  Peniammdtx, 
Strop/umimidai,  and  Produdidos.     In  the  first  two  of  these 
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families  the  anna  are  supported  upon .  a  shelly  loop,  of 
variable  shape  and  size ;  whilst  in  some  of  the  extinct 
Jikptckmiellidas,  and  in  the  Spiriferida,  the  arms  were  sup- 
ported by  large  spirally-coiled  calcareous  lamellae. 

The  Brachiopods  are  of  such  importance  as  fossils  that  the 
characters  of  the  more  important  groups,  with  their  geological 
range  and  leading  genera,  will  here  be  given,  along  with  figures 
of  the  commoner  types.  As  regards  the  general  distribution 
of  the  class  in  time,  the  Brachiopod<i  are  found  from  the  Cam- 
brian rocks  up  to  the  present  day,  and  present  us  with  an 
example  of  a  group  wHch  appears  to  be  slowly  dying  out. 
Nearly  four  thousand  extinct  species  have  been  described, 
and  the  class  appears  to  have  attained  its  maximum  in  the 
SQurian  epoch,  which  is,  for  this  reason,  sometimes  called  the 
"Age  of  -  Brachiopods."  Numerous  genera  and  species  are 
found  also  in  botji  the  Devonian  and  Carboniferous  forma- 
tions. In  the  Secondary  rocks  Brackiopoda  are  still  abundant, 
though  less  so  than  in  the  Palseozoic  period.  In  the  Tertiary 
epoch  a  still  further  diminution  takes  place,  and  at  the  pres- 
ent day  we  are  not  acquainted  with  more  than  a  hundred 
living  forms.  Of  the  families  of  Brackiapoda,  the  Froductida, 
Strophomenida,  and  ^nri/eridai  are  the  more  important  extinct 
t}^es.  Of  the  genera,  the  most  persistent  is  the  genus  lAv^- 
gvia,  which  commences  in  the  Cambrian  rocks,  and  has  main- 
tained its  place  up  to  the  present  day,  though  it  appears  to 
be  gradually  dying  out. 

Accordit^  to  Woodward :  "  The  hingeless  genera  attained 
their  maximum  in  the  Palseozoic  age,  and  only  three  now 
survive  {Lingvla,  Diadna,  Crania) — the  representatives  of  as 
many  distinct  families.  Of  the  genera  with  articulated  valves, 
those  provided  with  spiral  arms  appeared  first,  and  attained 
their  maximum  while  the  TerebraiiUid<B  were  still  few  in  num- 
ber. The  subdivision  wiUi  calcareous  spires  disappeared  with 
the  Liassic  period,  whereas  the  genus  Rkynckondla  still  exists. 
Lastly,  the  typical  group,  TerAratvlida:,  attained  its  maxi- 
mum in  the  Chalk  period,  and  is  scarcely  yet  on  the  decline." 

Of  the  families  of  the  Brachiopoda,  the  ProductidcB  and 
StropikomenidcB  are  exclusively  Palteozoic.  The  Spiriferidce 
are  mainly  Palseozoic,  but  extend  into  the  lias,  where  they 
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finally  disappear.  The  LinguHda  commence  in  the  Cambrian 
period,  and  have  survived  to  the  present  day.  The  Bhyncho- 
■ndlidce,  Craniada,  and  JHscinida;  comraence  in  the  Silurian 
period,  and  are  represented  by  living  fonns  in  existing  seas. 
The  Thecidiida  extend  from  the  Trias  to  the  present  day ; 
and  the  Terebraiidida  appear  to  commence  in  the  Upper 
Silurian,  and  are  well  represented  by  living  forms.  In  the 
following  are  given  the  leading 
characters  and  more  important 
forms  of  the  families  of  the 
3racMopoda : — 

Fam.  I.  Terebratdlida  — 
Shell  minutely  punctate ;  ven- 
tral valve  with  a  prominent 
beak,  perforated  by  a  foramen 
for  the  emission  of  a  muscular 
peduncle,  whereby  the  animal 
is  fired  to  aome  submarine  object.  Foramen  partially  sur- 
rounded by  a  deltidium  of  one  or  two  pieces.  Arms  entirely 
or  partially  supported  by  calcified  processes,  usually  in  the 
form  of  a  loop,  and  always  fixed  to  the  dorsal  valve  (fig.  280), 
In  the  genus  TertimUula  (fig.  281)  itself,  and  in  Ter^rai- 
tdina,  the  loop  supportii^  the  arms  is  very  short,  the  former 
commencing  in  the  Devonian  period,  the  latter  in  the  Oolitic, 


loop.    (Alter  Diwi 


0 


Hg.  Ml.— a,  Ttntmttiila  qvairifda—Uaa;   6,  TrrtirraMa  tplianiididU—laJaiot  Oolite; 
e  rnrbrniKJo  i%mtt— Bradford  CUy,  Foreat  MuiiKi,  ud  Omt  Onllta  (JonHlBl    (ACbr 

DiTldJDD.) 

and  both  being  represented  by  living  forme.  In  the  genus 
Waidheimia  {fig.  278)  there  is  a  very  long  loop,  which  is 
bent  backwards,  and  the  same  is  the  case  with  Ter^rateUa 
(fig.  276).  The  former  appears  to  commence  in  the  Trias, 
the  latter  in  the  Cretaceous  rocks,  and  both  have  survived  to 
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the  present  day.  Terehrirostra  •has  a  greatly  elongated  beak 
to  the  ventral  valve,  and  appears  to  be  confined  to  the  Creta- 
ceous period.  Another  Cretaceous  form  is  the  Trigonosemiui 
of  Konig,  which  is  closely  allied  to  Terdn-atella,  especially  in 
the  fact  that  the  brachial  loop  has  a  secondary  attachment 
to  a  mesial  septum,  but  which  has  an  incurved  beak,  a  large 
cardinal  process,  and  an  extensive  hinge-area.  Renssdocria, 
a%KXa,  of  the  Devonian,  ia  essentially  a  laige  ovoid  Terebratvla. 
The  genus  Argiope,  ranging  from  the  Cretaceous  to  the  pres- 
ent day,  ia  distinguished  from  Tereiratida  by  the  form  of 
its  brachial  loop,  which  is  attached  to  a  single  septum,  or  to 
three  nearly  parallel  septa,  directed  inwards  from  near  the 
border  of  the  dorsal  vtdve.  In  the  Cretaceous  Magas  an 
even  more  highly  developed  septum  is  present,  almost  divid- 
ing the  cavity  of  shell  into  two  halves ;  while  in  the  Mefferlia 
of  the  same  formation  the  brachial  loop  has  an  exceptionally 
complex  character. 

Lastly,  we  may  place  in  the  Terebratviidee  the  Devonian 
genus  CtiUronella,  and  the  see&iingly  related  Leptoadia  ot 
the  Upper  Silurian  and  Devonian,     Forming  a  section  of  the 
TerdymtididiE,  or  sometimes  regarded  as   a  separate  family, 
are  the  two  or  three  species  which  make 
up  the  genus  Stringocephaius.     These  (fig. 
282)  are  all  Devonian,  and  are  charac- 
terised by  the  possession  of  a  long  loop, 
and  a  widely-punctated  shell.     The  besJi 
of  the  ventral  valve  is  very  prominent, 
and    is   pierced  by  a  foramen,  which    is 
■lai^e  in    the    young,   and    small    in    the    pjuiiui  surtixi— dcvuu. 
adult  shell;  and  tiie  ventral  valve  has  a    '"'-™i'"*<"'' »'»■ 
well-developed  mesial  septum, 

Fam.  II.  Thecidiid^ — Shell  fixed  to  the  sea-bottom  by 
the  substance  of  the  beak  of  the  larger  or  ventral  valve; 
structure  punctated.  Oral  processes  (arms)  united  in  the  form 
of  a  bridge  over  the  visceral  cavity ;  cirrated  arms  folded 
upon  themselves,  and  supported  by  a  calcareous  loop.  The 
shell  is  thickened,  and  has  a  granulated  border  (fig.  283). 

The  members  of  this  family  are  all  attached  to  some  foreign 
body  by  a  portion  of  the  beak  of  the  ventral  valve,  whidi. 
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in  the  adult  state,  has  either  no  foramen,  or  an  exceedii^ly 
small  one.  The  ventral  valve  haa  a  well-marked  hinge-area 
and  an  indistinct  triangular  deltidium.  All  the  known  species 
belong  to  the  single  genus  Thmdium,  represented  at  the 


Fig.  iaa.—ThteijiliimpapiilaUim.    t,  Hings 

r^  r,  OtmDii]At«d  bonSor  of  the  luicuui  ui  wd 

present  day  by  a  single  living  species.  In  time,  the  genus 
Thmdium  seems  to  have  commenced  in  the  Upper  Trias, 
and  is  well  represented  in  parts  of  the  Jurassic  and  Cretace- 
ous Series. 

Fam.  III.  Spiriperid.«. — 
Animal  free  when  adult,  or 
rarely  attached  by  a  muscu- 
lar peduncle.      Shell  punc- 
tated or  unpunctated.    Arms 
greatly   developed,  and    en- 
tirely supported  upon  a  thin, 
shelly,  spirally-rolled  lamella 
{figa.  279  and  284). 
The  family  of  the  Spiri/eridat  is  pre-eminently  Palseozoic, 
but  several  forms  extend  into  the  older  Secondary  rocks. 
No  member  of  the  fianuly,  however,  has  yet  been  found  in 


Fl»  aSi.—AtKt^  nUilUa  — Low 
twnireroua.  The  ligbt-faud  flgnn  >b( 
Interior  at  tfae  donal  v4]t«,  with  thi 
■upporU  for  the  umi.    (After  Diwwn 
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rocks  younger  than  the  Lias,  Of  the  genera  of  the  family, 
the  moat  important  is  the  genus  Spirifera,  or  Spirifer  (fig. 
286),  in  -which  the  valves  are  articulated  by  teeth  and  sockets, 
and  the  shell  is  not  punctated.  The  hinge-line  is  long  and 
straight,  and  the  well-marked  hinge-area  is  divided  across  in 
each  valve  by  a  triangular  fissure,  which  in  the  ventral  valve 


Fig.  t^.—Sfiryrm 


is  closed  more  or  less  completely  by  a  paeudo-deltidiura,  and 
in  the  dorsal  valve  is  occupied  by  the  cardinal  process.  The 
true  Spirifera  are  mainly  Upper  Silurian,  Devonian,  and  Car- 
boniferous, and  the  forms  of  the  second  of  these  formations 
often  have  the  shell  winged,  or  drawn  out  at  the  lateral 
angles  (fig.   286).     In  the  Permian  rocks  a  few  species  of 


Fig.    !ST.  — Spirifera   Kia-  Fig.  188.— Sp(riftr«H  rof.  'r\%.  Ki.—S}*Tifrra  M- 

fanmU.      Upper      Slloriui.  Iraln.    Uu.  ymalu.       Cubaniferana 

Amulc*.  Limwtone. 

the  genus  are  found.  If  it  be  admitted  that  the  possession 
of  a  Qon-punctated  shell  is  an  essential  characteristic  of  the 
genus  Spirifera,  then  no  forms  of  this  type  have  as  yet  been 
detected  in  deposits  younger  than  the  Paljeozoic.  We  meet, 
however,  in  the  Lias  (Jurassic)  with  several  forms  (fig,  288) 
which  agree  in  other  respects  with  Spirifera  proper,  but 
which  possess  a  punctated  shell.  These  forms,  along  with 
others  from  the  Carboniferous  and  Devonian,  are  now  placed 
in  the  genus  Spirifenna,  which  is  separable  from  Spirifera 
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principally  by  the  character  just  mentioned,  but  also  by  the 
posseBsioQ  of  a  mesial  septum.  The  Suessia  of  the  Lias, 
and  the  SgringUliyris  of  the  Carboniferous,  are  also  types 
very  closely  allied  to  Spirifera. 

In  the  geniis  0]/rtia  the  shell  resembles  Spiri/era  in  most 
respects ;  but  the  valves  are  very  unequal,  the  dorsal  valve 
is  approximately  flat,  and  the  ventral  valve  is  pyramidal, 
vith  a  very  large  triangular  hinge-area  and  a  long  and 
narrow  foramen,  which  is  partially  closed  by  a  pseudo- 
deltidium.  Cyrtina  (fig.  290,  c  and  d)  resembles  Cyrtia  in 
the  shape  of  the  valves,  but  the  shell  is  punctate,  whereas 
in  the  latter  it  is  impunctate.  Both  genera  are  Paleeozoic, 
and  range  from  the  Upper  Silurian  to  the  Carboniferous. 

More  important  than  either  of  the  preceding  is  the  genus 
Athyria  (including  under  this  head  the  ^irigera  of  D'Or- 
bigny),  which  ranges  from  the  Silurian  to  the  Permian. 
The  shell  in  this  genus  (fig.  290,  e)  is  convex,  with  unequal 


Fig.  aw— 1.  Rotia  MrjKBli.u.,  with  part  gf  the  dorsal  vilve  reranvod  to  (how  the  8|ilre8 ; 
B,  VnclUi  gruphvi,  with  0.8  apt™  <i),  fioin  the  Dovonlon  :  c,  Side  vLbw  of  CyrtfFin  hUrn. 
oJlta— Bayontan ;  D,  The  muib  viowod  from  the  dorsal  Mpwt;  s.  AlhyrU  amBe<\IHai~D<sm- 
man;  r,  Wcrdlalfflrit— UpperBUurian;  o,.tferi«ri(iianBM(t/VmiJ— UpperHUnrian,  aEduged; 
HiCtatottbeuitie.    (AflerDnrlOwn  ud  Hill.) 

valves,  the  beak  of  the  ventral  valve  being  incurved,  and 
either  perforated  by  a  small  round  foramen,  or  having  the  fora- 
men concealed  or  closed  in  the  adult  state.  (The  name  Athy- 
ria, like  that  of  Atrypa,  is  a  zoological  misnomer,  since  in 
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both  genera  the  beak  of  the  ventral  valve  is  really  perforated, 
in  the  young  state  at  any  rate.  Some  authorities,  however, 
retain  the  name  of  Spirigera  for  those  forms  in  which  the 
foramen  remains  throughout  life,  and  employ  that  of  Athyris 
for  those  in  which  this  aperture  becomes  closed  in  the 
adult  condition,  the  latter  having  the  additional  distinctive 
character  that  the  interior  of  the  dorsal  valve  is  partially 
divided  by  a  longitudinal  septum.)  The  spiral  supports  for 
the  arms  in  Athyris  are  largely  developed,  and  their  pointed 
extremities  are  directed  towards  the  lateral  angles  of  the 
shell  (fig.  284,  e).  Merista  (fig.  290,  f),  of  the  Silurian  and 
Devonian,  is  like  Athyris  in  general  character,  but  there  is  a 
longitudinal  septum  in  the  ventral  valve,  which  is  supported 
by  strongly-arched  transverse  plates,  tc^ether  forming  what 


is  known  as  the  "shoe-lifter  process."  Meristdla  (fig.  290, 
G  and  H,  and  fig.  291)  closely  resembles  the  preceding, 
but  the  septum  and  supporting  arched  plates  are  wanting 
in  the  ventral  valve.  The  genus  is  Silurian  and  Devonian, 
and  a  well-known  and  familiar  species  is  the  Meridella 
tumida  of  Uie  Tipper  Silurian. 

The  genus  £eixda  (fig.  290,  a),  with  a  geological  distribu- 
tion from  the  Silurian  to  the  Carboniferous,  has  the  spiral 
brachial  supports  of  the  Spiriferielce,  but  the  foramen  is 
lai^e,  and  the  shell  resembles  that  of  Terebratula.  The  shell- 
structure  is  punctate,  and  there  is  a  small  hinge-area. 
Undies  (fig.  290,  b),  of  the  Devonian,  resembles  the  preced- 
ing, but  the  beak  of  the  ventral  valve  is  strongly  curved,  the 
foramen  disappears  early,  there  ia  no  hinge-area,  and  the 
shell-structure  is  impunctate. 
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The  only  other  genus  of  the  ^riferidas  which  aeeda 
mention  here  is  Atrypa,  which  may  he  regarded  as  in 
many  respects  intermediate  between  the  present  family  and 
the  Bkynchondlidoe.  Though  named  in  accordance  with  the 
belief  that  the  beak  of  the  ventral  valve  waa  imperforate,  a 
small  foramen  is  really  present  in  this  genus  (fig.   292), 


sometimes  concealed,  and  sometimes  bounded  in  front  by  a 
small  deltidium.  The  spiral  brachial  processes  are  large 
and  conical,  and  are  directed  with  their  apices  turned  into 
the  hollow  of  the  capacious  and  ventricose  dorsal  valve. 
The  genus  ranges  from  the  Silurian  to  the  Carboniferous,  and 
its  type  is  the  cosmopolitan  and  familiar  Atrypa  reticularis 
(fig,  292)  of  the  Upper  Silurian  and  Devonian. 

Fam.  IV.  K0NINCONID.B. — Animal 
unknown.     Shell  free ;  valves  unar- 
ticulated  (t).    Oral  arms  supported  by 
two  lameUffi  spirally  coiled  (fig.  293). 
The  only  genus  of  this  family  is 
Koninckfina,  represented  by  the  sin^e 
species  K.  Letmhardi  of  the  Trias  of 
St  Cassian.     The  shell  resembles  Pro- 
Fig.  Mi.-KoRinctin<.  i^<m-    dtieta  in  being  eared,  and  the  dorsal 
*"Ita'f"^"h''°*  "'*t'!'"''  '"^    valve   is   concave,   and  follows    the 
curve  of  the  ventral  valve.     It  differs 
from   Produda   in  having  the  arms  supported  upon  spiral 


Fam.  V.  Rhtnchonellid;!!. — Animal  free,  or  attached  by 
a  muscular  peduncle  issuing  from  an  aperture  situated  under 
the  extremity  of  the  beak  of  the  ventral  valve.  Arms  spi- 
rally rolled,  flexible,  and  supported  only  at  their  origin  by  a 


iobyGooglc 


BRACHIOPODA. 


pair  of  short,  curved,  shelly  processes.    Shell-structure  fibrous 
and  impunctate. 


ng.  iM.— MyiuAnuOa  catni ;  dotul,  proBIa,  Had  vautnl  view..    Lower  HUuriin. 

The  Rhynchonellidce  range  from  the  Lower  Silurian  to  the 
present  day,  in  the  person  of  the  genus  Ehyrickonella  itself ; 
but  the  remaining  genera  of  the  family  are  exclusively  Palseo- 
zoic  The  genus  Ehynchomlla  (fig.  294)  has  the  valves  more 
or  less  convex,  smooth  or  plaited,  united  by  teeth  and  sockets. 
The  shell  is  trigonal,  generally  with  a  mesial  fold  and  sinus 
(fig,  275),  and  having  the  beak  of  the  ventral  valve  acute, 
incurved,  or  prominent.  The  foramen  is  situated  under  the 
beak,  open  to  view,  or  concealed,  and  entirely  or  partially 
completed  by  a  deltidium.  The  species  of  the  genus  Rhyn- 
chondla  are  very  abundant  in  both  Palasozoic  and  Mesozoic 
deposits,  and  two  species  are  known  at  the  present  day. 

In  Leiorkynchus  (fig.  295)  are  various  Devonian  Brachio- 
pods,  very  closely  allied  to  Bhynchonella  proper,  but  having 


Fi^.  'm.-Liiorhv!Kkm  Hum 

the  plications  of  the  shell  obsolete  on  the  lateral  angles, 
while  well  marked  on  the  mesial  fold  and  sinus.  The  beak 
of  the  ventral  valve  is  pierced  by  a  foramen,  in  at  any  rate 
the  early  stages  of  growth,  and  there  is  a  well-defined  septum 
in  the  dorsal  valve.  Tnplma  (Silurian)  has  a  tFtangular 
VOL.  I.  2  F 
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pedicle-notch  beneath  the  beak  of  the  ventral  valve,  and 
EickvxUdia  (also  SUuriaD)  has  the  peduncle  transmitted 
through  a  foramen  in  the  ventral  umbo.  Poramhonites, 
again,  of  the  Lower  Silurian — possibly  the  type  of  a  distinct 
family — though  its  shell-structure  is  really  impunctate  and 
fibrous,  is  readily  recognised  by  the  fact  that  the  surface  is 
ornamented    -with   minute   close-set   circular 

a  pits.  Lastly,  the  genus  Cavmropkoria  (fig. 
296)  may  be  regarded  aa  a  link  between 
Ehynchondla  and  PeniavieT'us,  since  it  pos- 
sesses the  general  form  of  the  first,  together 
with  the  converging  dental  plates  of  the  latter. 
The  genus  is  found  in  the  Carboniferous  and 
Permian  deposits. 

All  the  precediag  forms  are  naturally  ae- 
oropJwtoBtofrnii™.  sociated  with  one  another  by  their  structural 
Ki^.P  '    characters ;  but  there  is  another  great  group  of 

Brachiopods  usually  placed  in  the  Mkyncfiond,- 
lidcB,  and  agreeing  with  this  family  in  many  points,  of  which 
the  genus  PerUamerus  is  the  type,  and  which  presenta  certain 
distinctive  features  of  its  own.  In  Pentamems  (fig.  297)  the 
shell  is  ovate,  the  valves  articulated  by  teeth  and  sockets,  the 


# 


surface  generally  ribbed  or  striated,  but  sometimes  smooth. 
The  beaks  are  incurved,  that  of  the  ventral  valve  concealing 
a  triangular  fissure.  Inside  the  ventral  valve  "  two  contigu- 
ous vertical  septa  coalesce  into  one  metJian  plate,  extend- 
ing from  the  beak  to  a  greater  or  less  distance;  and  then 
diverge  and  form  the  dental  plates,  enclosing  a  triangular 
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chamber  of  mucli  smaller  dimensions  than  the  lateral  ones  " 
(Davidson).  The  Bmall  central  chamber  must  have  been 
occupied  by  the  digestive  organs,  and  the  spiral  arms  must 
have  filled  the  great  lateral  spaces.  In  the  interior  of  the 
smaller  or  dorsal  valve  are  two  longitudinal  septa,  which 
often  form  a  chamber  corresponding  to  and  apposed  to  the 
median  chamber  in  the  ventral  valve.  The  Pmtameri  range 
from  the  Lower  Silurian  to  the  Carboniferous  inclusive ;  but 
they  are  especially  characteristic  of  that  portion  of  the  Si- 


lurian series  known  as  the  IJandovery  formation  or  Middle 
Silurian.  They  often  occur  in  the  greatest  profusion,  and 
the  species  have  in  many  cases  an  enormous  geographical 
range. 

In  PeniamtTus  {as  typified  by  such  forms  as  P.  Kni^Mii, 
P.  galeatvs,  P.  pacudogaUatm,  P.  <Mongu«,  fig.  298,  &c.)  the 
shell  is  more  or  less  globose,  the  ventral  valve  is  much  the 
largest,  and  the  mesial  septum  in  the  same  valve  is  very 
long.     In  other  allied  forms  which  have  been  termed  Striek- 
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latidmia  (fig.  299),  the  two  valvea  are  not  very  dispropor- 
tionately uaequal,  the  ahell  is  often  more  or  less  depressed, 
and  there  is  but  a  short  mesial  septum  in  the  ventral  valve 
supporting  a  V-shaped  chamber  beneath  the  beak,  ■whereas 
in  the  dorsal  valve  there  are  only  two  short  socket-plates. 
Pentamerella,  Amphigcnia,  Qyjndula,  and  Anastropkia  are 
other  generic  or  sub-generic  titles  which  have  been  proposed 
for  forms  more  or  less  closely  allied  to  Pmtamerus  itself. 
The  first  and  second  of  these  occur  in  the  Devonian,  but  all 
the  above  forms  are  characteristic  of  the  Middle  and  Upper 
Silurian. 

Fam.  VI.  Sthophomenid^. — Animal  unknown;  some  prob- 
ably free — others  attached,  during  the  whole  or  a  portion 
of  their  existence,  by  a  muscular  peduncle.  No  calcified 
supports  for  the  arms.  Shell  with  a  straight  hinge-line  and 
a  low  triangular  area  in  each  valve.  Shell-structure  fibrous 
or  punctated.  The  StToph&menidee  are  exclusively  Palfeozoic, 
and  the  principal  genera  are  Orthis,  Orthisma,  Datidsonia, 
Slroplwmena,  Slreptorhynchus,  and  Zcpiama. 

In  the  genus  Ortkis  the  valves  are  articulated  by  teeth 
and  sockets,  and  usually  are  more  or  less  transversely  oblong 
(figs.    300-303).     There  is  a  straight  hinge-line,  generally 


shorter  than  the  width  of  the  shell.  Each  valve  has  a  hinge- 
area,  notched  in  its  centre  by  a  triangular  fissure  through 
which  the  fibres  of  the  peduncle  were  transmitted.  The 
shell  is  often  more  or  less  flattened  or  depressed,  and  the 
surface  may  be  smooth,  but  is  more  commonly  ornamented 
with  striai,  or  furnished  with  well-marked  longitudinal  ribs. 
The  species  of  the  genua  Orthis  begin  in  the  Cambrian,  and 
abound  in  the  Silurian,  Devonian,  and  Carboniferous  periods. 
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especially  in  the  first  of  tliese ;  but  the  genus  is  not  known 
to  have  survived  the  Carboniferous  period.     This  genus  is 


ng.  SOS.— Lotw  Siluriim  BmchlopodL  a  ud  n',  dnJtlt  M^Wnln— Llaudtilo-Cuiuloc, 
BriUinuiaAiDetloi  b.  Orliit  JlabtUiUum^-CtnAoc,  Brit^a ;  c,  (MAitnAtrwidmla— Cincin- 
nati Group,  AuierlM ;  <f,  Intaior  of  the  domi  yiJn  of  the  ume ;  rf.  Stroplumtiia  <lilloUUa 
'LlaudeUo-Cindoo,  Brilalu  ud  Anierlu.    [Afler  Meek,  HsU,  udSllUr.) 

one  of  the  most  important  and  widely  distributed  groups  of 
Palieozoic  Brachiopods,  and  the  species  belonging  to  it  may 


t 


ng.  MS.  — Looer  Silurisii  Bnchlopods.  a,  Stroflumtita  aZlcnalii- ClndDluU  Oniup, 
America :  b,  SlroiAaiiuiui  /I  Ilofa— Trenton  mnd  Cinelnoeti  Onupe.  Anuria :  t,  OrOUi  Utla- 
diKarta—Ctndoc,  Europe  ud  Ameriu ;  d,  d',  Ortliii  plunuUO— Cincinnati  Oroup,  America ; 
t,  t',  t".  Uplam  KTicsi— LtudeUo-Curidoc,  Enrops  ud  America.  (Aflei  Ueek  and  Hull, 
ud  orlglnaL) 

generally  be  recognised  from  the  closely  related  Strophymeiue 
by  the  fact  that  the  shell  is  seldom  flat,  one  valve  being 
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usually  much  more  convex  than  the  other,  and  ita  general 
form  being  compact  and  not  extended;  while  the  hinge-line  is 
often  shorter  than  the  greatest  width  of  the  shell.  The  mus- 
cular scars  are  quadrate,  and  not  extended  either  vertically  or 
laterally.  Lastly,  the  "  cardinal  process  " — that  is,  the  pro- 
jection of  the  dorsal  valve  to  which  the  "  cardinal  muscles  " 
are  attached — is  undivided  and  linear.  Though  the  species 
of  Orlhis  most  nearly  resemble  certain  forms  of  SiTophomma, 
and  are  very  liable  to  be  confounded  with  these,  one  or  two 
species  (such  as  (hthis  biforata,  fig.  302,  a)  closely  simulate 
the  genus  Sjuri/era  in  general  form. 

In   the  genus  Ortkisina   (fig,   304)   the   shell  nearly  re- 
sembles that  of  Orthis ;   but  there   is  a  double   hinge-area, 
largest   in    the  ventral  valve,  the   central 
fissures  of  which  are  always  covered  by  a 
convex  deltidium ;  whereas    in  the  latter 
genus  they  are  open.     In  some  species  (as 
in  0-  Vemeuili)  the  deltidium  is  perforated 
by  a  foramen  under  the  beak  of  the  ventral 
valve.      The  typical  species  of   Orihisiiia 
Rg.  301. -orOii^mi    ^ro  Siluriau;  hut  the  genus  is  stated  by  Mr 
tiaii.  Davidson  to  range  through  the  Devonian 

and  Carboniferous  into  the  Permian. 
In  Strophomena  {iigs.  302,  303,  and  305)  the  shell  is  de- 
pressed, generally  semicircular,  the  hinge-line  aa  long  as  the 
width  of  the  shell,  or  longer.     The  surface  may  be  smooth, 
but  is  most  commonly  striated  or  ribbed.     There  is  a  double 


Fig.  SOi.—SIniplioBuna  ailijiiala.    Slluiiiu. 

hinge-area,  which  is  lai^est  in  the  ventral  valve.  Each  hinge- 
area  has  a  median  notch,  which,  in  the  ventral  valve,  is  par- 
tially covered  by  a  deltidium.     The  ventral  valve  may  be 
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convex  or  concave,  and  the  dorsal  valve  follows  the  curva- 
ture of  the  ventral  valve.  The  species  of  the  genus  Stro- 
pAomena  are  very  abundant  in  the  Silurian,  Devonian,  and 
Carboniferous  formations,  often  attaining  a  large  size ;  but 
(except  under  a  peculiar  sub-generic  type)  they  do  not  seem 
to  have  survived  the  close  of  the  last-named  period. 

Speaking  generally,  the  species  of  Slrophom^ui  may  be 
distinguished  from  those  of  Orikis  and  Leptcena — both  of 
which  they  much  resemble  occasionally— by  attention  to  the 
following  points :  The  shell  is  utrually  flat  and  semi-oval,  its 
length  and  breadth  being  about  equal,  and  the  hinge-line 
always  equalling  and  often  exceeding  in  length  the  transverse 
diameter  of  the  sheU.  Earely,  the  shell  is  bent  and  trans- 
versely extended,  as  in  Leptcena.  The  cardinal  process  is 
large  and  bifid ;  and  the  muscular  impressions  are  quadrate 
and  laterally  expanded. 

It  may  be  appropriately  added  in  this  connection  that  the 
name  Strophomena  is  employed  above  in  the  wide  general 
sense  in  which  it  has  been  commonly  used  by  most  palffion- 
tologists.      Certain  forms  of  the  genus,  however,  with  twisted 
beaks  to  the  ventral  valve,  and  often  a  high  false  area,  are 
commonly  separated  to  form  a  distinct  section  (Hemipronitea 
of  Pander,  or  Streptorhpickua  of  King) ;  and 
the  name  of  StrophodoTUa  has  been  given  to 
others  in  which  the  hinge-line  is  crenulated, 
and  there  is  no  fissure  in  the  hinge-area  of  the 
ventral  valve. 

In   the  genus  Leptcena  are  forms  smaller 
than  the  StropTuymence,  but   resembling   them  A^ 

in  many  respects.     The  shell  is  more  or  less 
completely  semicircular  (figs.  306,  307),  with     umai-vu^ai.  ju- 
a  double  hinge-area,  notched  in   the   centre,    '^^-  h^^*™" 
the  Assure  in  the  ventral  valve  beins  partly    "tfu™  indtwua  uie 

°    ^         ''       rpiJ    aiM    of   the 

covered  by  a  deltidium.      The  valves  articu-    aiieii. 
late  by  teeth  and  sockets,  and  the  surface  is 
generally  striated.     The  Lej^wntB  extend  from  the  Silurian 
rocks  to  the  summit  of  the  Lias,  but  are  not  known  in  any 
younger  deposits.     Speaking  generally,  LeplcEnts  can  be  sep- 
arated from  Orikis  and  Strophomtma  by  the  involute,  trans- 
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versely  elongated  shell,  the  valves  being  strongly  bent,  so 
that  one  ia  always  very  concave,  and  the  other  correspond- 
ingly convex.  Moreover,  the  muscular 
impreaaions  are  elongated,  and  the  lateral 
hinge-teeth  are  confounded  in  the  dorsal  or 
I  concave  valve  with  the  "  cardinal  process." 
^^^^H      /  Finally,  the  genus  Davidaonia.  includes 

H^^^^  certain  singular  Bracbiopods,  ranging  from 

Fig.  soT.-t<p(iBiaKr-  '^^  Devomau  to  the  Trias,  in  which  the 
D^ii.]'^""*""™''''  ^^^^  ^  thick  and  solid,  and  attached  to 
ortbsahea  'siiuiiaa.  foreign  bodies  by  the  substance  of  tlie 
ventral  valve.  The  ventral  valve  has  a 
wide  area,  with  a  triangular  fissure  covered  by  a  convex 
deltidium ;  and  though  there  are  no  calcified  brachial  sup- 
ports, the  position  of  the  arms  is  indicated  by  two  spirally- 
grooved  elevations  in  the  interior  of  the  valve. 

Fam.  VII.  PitODUCTlDiE. — Animal  unknown.  Shell  en- 
tirely free,  or  attached  to  submarine  objects  by  the  substance 
of  the  beak  or  by  means  of  spines ;  valves  either  regularly 
articulated,  or  kept  in  place  by  muscular  action  alone.  No 
calcified  supports  for  the  oral  processes.  The  Produdidte 
are  exclusively  Palieozoic,  and  are  especially  characteristic  of 
the  Devonian,  Carboniferous,  and  Pennian  deposits. 

The  two  most  important  genera  of  the  Produdidce  are 
Chffneles  and  Prodttcta.     In  tlie  genus  ChoneUs  (fig.  308)  the 


Fi£.  SOS.—UhontIa  ZioIiunlaH,    Cu-bODiftroiu. 

shell  is  concavo-convex,  transversely  oblong,  with  a  straight 
hinge-line.  The  hinge-line  ia  as  wide  as  the  shell,  or  the 
shell  is  eared.  The  ventral  valve  is  convex,  the  dorsal  con- 
cave, and  both  have  a  distinct  hinge-area,  with  a  central 
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fissure,  closed  in  the  ventral  valve  by  a  pseudo-deltidium. 
The  upper  edge  of  the  hinge-area  of  the  ventral  valve  is 
furnished  with  a  row  of  delicate,  tubular  apiuea.  The  speciea 
of  Ohonetes  are  distributed  in  the  Silurian,  Devonian,  and 
Carboniferoua  periods,  but  they  are  most  abundant  in  the 
last  of  these. 

In  the  genus  Froducta  (figs.  309,  310)  the  valves  are  not 
articulated  by  any  apparatua  of  teeth  and  sockets,  and  the 
shell  would  appear  to  have  been  generally  free  in  the  adult 


condition.  In  some  cases,  however,  where  the  shell  is  fur- 
nished with  long  apines,  we  may  believe  that  these  structures 
served  to  moor  the  animal  in  the  soft  ooze  of  the  aea-bottom. 
Mr  R  Etberidge,  jun,,  has  also  shown  that  in  one  speciea 
of  the  genua,  at  any  rate,  the  shell  was  firmly  fixed  to  one 
spot  by  the  twisting  of  some  of  the  spinea  of  the  ventral 
valve  round  the  column  of  a  Criuoid.  The  shell  is  generally 
transversely  elongated,  and  is  auriculate,  or  furnished  with 
ear-like  expansions.  There  is  a  straight  hinge-line,  usually 
shorter  than  the  width  of  the  shell  The  hinge-area  is  rudi- 
mentary or  wanting.  The  ventral  valve  ia  convex,  the  dorsal 
concave,  following  the  curve  of  the  former.  The  surface  is 
ribbed  or  striated,  and  the  riba  carry  a  greater  or  less  number 
of  longer  or  shorter  tubular  apines,  which  are  especially 
abundant  upon  the  auricular  expanaions.  The  species  of 
Produeta  range  from  the  Devonian  to  the  Permian,  but  the 
genus  is  essentially  and  especially  characteristic  of  the  Car- 
boniferous period. 
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The  genus,  or  sub-geuus,  Strophalma.  (fig.  311,  b)  ranges 
from  the  Devonian  to  the  Permian,  and  is  distinguished 
from  Froducta  chiefly  in  the  fact  that  the  valves  are  not 
edentulous,  but  are  articulated  by  teeth  and  sockets,  while 
each  valve  has  a  distinct  hinge-area,  and  the  ventral  valve 
haa  a  foramen  covered  with  a  deltidium.  Atilosteges,  again 
(fig.  311,  a),  from  the  Permian,  has  no  teeth  or  dental  sockets 
— in  this  respect  agreeing  with  Producia — but  the  ventral 
valve  has  a  wide  hinge-area,  pierced  by  a  foramen,  which  is 
covered  by  a  convex  pseudo-deltidium.  lastly,  in  the  De- 
vonian Producidla  (fig.  311,  c)  the  valves  are  articulated  by 


Pig.  Sll.— •.  Aviotlesit  WangeTilitiMU — Permlui,  tfaowliig  the  hlnge- 
B,  SIraplu-lorta  Galii/iittf,  vteved  darsallr  —  l^TmUn  ;  c,  /YnJiufeUa  m 

reDUonn  vuculu  ImpreMluna  (r).    (After  DivldHin  uul  HiU.) 


teeth  and  sockets,  and  a  hinge-area  is  present  in  both  valves, 
but  the  latter  is  narrow  and  linear,  and  the  ventral  valve  is 
extremely  convex  and  gibbous.  All  the  three  groups  just 
mentioned  are  probably  to  be  r^arded  as  really  nothing  more 
than  sub-genera  of  Produda  itself. 

Fam.  Vlll.  Craniad*. — Animal  fixed  to  submarine  ob- 
jects by  the  substance  of  the  ventral  valve.  Arms  fleshy 
and  spirally  coiled.  No  hinge  or  articulating  processes ; 
upper  or  dorsal  valve  limpet-shaped  (fig.  312),  The  family 
includes  the  single  genus  Crania,  which  commenced  in  the 
Silurian  period,  and  has  continued  to  exist  without  inter- 
ruption to  the  present  day.  The  shell  may  be  smooth,  or 
striated  with  radiating  ribs,  sometimes  with  spines  or  foli- 
aceous  expansions.  The  ventral  valve  is  the  shallowest,  and 
the  shell  is  usually  attached  by  a  portion  of  its  substance. 
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The  dorsal  valve  is  more  or  less  conical,  and  the  valves  are 
simply  kept  in  apposition  by  muscular  action. 

Fam.  IX.  DiscisiD*. — Animal  attached  by  means  of  a 
muscular  peduncle   passing   through    the   ventral   or   lower 


ng.  311.— Cnmin  Igjiabrrj/mtii.    Cntueoiu. 

valve,  by  means  of  a  slit  in  its  hinder  portion  or  a  circular 
foramen  excavated  in  its  substance.     Arms  fleshy.     Valves 
unarticulated.     The  Disdnida  range  from 
the    Silurian    period   to   the   present  day. 
The  four  most  important  genera  are  IXs- 
cina,  Trematia,  Sipkonoirda,  and  Acroireia. 

In  Disdna  (figs.  313,  314)  the  shell  is 
generally  circular  or  orbicular  in  shape, 
and  is  homy  in  texture.  The  upper  valve 
is  limpet-shaped,  smooth  or  concentrically  suurim!"  ""' 

striated ;  the  ventral  valve  is  flat  or  partly 
convex,   perforated   by  a   longitudinal  sbt,  which  is  placed 
in  the  middle  of  an  oval  depressed   disc.      The  valves  are 
not  articulated  to  one  another,  but  are  kept  together  by 
muscular  action  alone.     The  species  of  the 
genus  Disdna  (including  Oj^yicidoidea)  range 
from  the  Silurian  rocks  to  the  present  day, 
seven  species  being  noTi  living. 

In  the  genua   Tremaiis  (fig.  316,  a)  both 
valves    are    more   or  less  convex,   and   the      ^•'pp™-  suuiim. 
general    shape   of    the    shell    is    more    or 
less  oval  or  sub-orbicular.     The  ventral  valve  is  furnished 
with  a  marginal  slit  for  the  passage  of  a  peduncle  of  at- 
tachment.     The  surface  is   radiately  striated,   and   oma- 
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mented  with  small  pita.     This  genus  seems  to  be  exclusively 
Silurian. 

In  the  genus  Sipkonotreta  (fig.   315)   the   shell  is  oval, 
inequivalve,  with    uoarticulated   valves.     The   beak  of   the 
ventral  valve  is  perforated  by  a  foramen 
which  opens  on  its  bact,  and  communi- 
cates with  the  interior  by  a  cylindrical 
tube.    The  surface  of  the  shell  is  covered 
with  concentric  lines  of  growth,  and  fur- 
^^t^^"X^      Dished  with  numerous  delicate  tubular 
spines,  which,  hovrever,  are  rarely  pre- 
served.    All  the  Siphanotret(e  at  present  known  belong  to 
the  Silurian  period. 

In  the  genus  Acrotreta  (fig.  316,  e-g),  lastly,  the  dorsal 
valve  is  nearly  flat,  and  the  ventral  is  conical  and  patelli- 


o 


Fig,  316.— *,  rrHwrtijUoact— LowBtSilnriui;  a.  C«M  of  OftcJiH  Itoirfdmii— Upper  SilutUn ; 
c,  Interlgr  of  the  dgtul  valve  of  the  nme ;  d,  Lin^xMla  Dai'lTii— Upper  Cunbriin  ;  ■,  Vfd. 
tral  valve  of  Acrotreta  SiOaUimi,  of  the  nutunl  sUe  lind  «nlaig«d— Lower  SUuriin  ;  t.  Side 
vie>  of  the  ventrel  valve  ul  the  ume,  enUised  ;  o.  Interior  of  tbe  donsl  valve  of  tiie  suae 
enlaiBBd.    (*  i»  after  BUlingi,  »nd  tbe  othfli  Bgnres  after  Dartdeon.) 

form,  the  surface  being  concentrically  striated.  The  beak  of 
the  ventral  valve  is  perforated  by  a  round  foramen,  from 
which  a  pedicle-groove  extends  to  the  posterior  margin,  and 
is  bounded  laterally  on  either  side  by  a  small  false  area. 
The  genus  is  wholly  Lower  Silurian. 
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Fam.  X.  LiNGULiDjE. — Animal  fixed  by  a  muscular  pe- 
duncle passing  out  between  the  beaks  of  the  valves.  Arms 
fleshy,  not  supported  by  calcified  processes.  Shell  unarticu- 
lated,  aub-equivalve,  of  a  homy  texture,  and  partially  phos- 
phatic  in  composition.  The  lAiigulidw  range,  in  the  person 
of  lAngvia  itself,  from  the  Cambrian  period  to  the  present 
day. 

In  the  genus  lAngvla  (fig.  317)  the  shell  is  oblong,  com- 
pressed, the  dorsal  valve  little  smaller  than  the  ventral. 
The  shell  is  oval,  round- 
ed, or  satchel  -  shaped, 
tapering  more  or  less 
towards  the  beaks.  The 
surface  is  concentrically 
striated  with  lines  of 
growth.  The  genus 
commences  to  be  repre- 
sented in  the  Cambrian 
rocks,     and     has    con- 

,  .,1        .       ■    ,  Fig.  31T.-£(nBKia  Em.    Lawer  Sllurim.  Doiml  lUiU 

tmued      without      inter-  vental  v.lvc«.    (aner  Billings.) 

mption,    and    with    no 

perceptible  change,  to  the  present  day. 

The  genus  or  sub-genus  Lingvlella  (fig.  316,  D)  differs 
from  Lviigvia  proper  in  the  fact  that  there  is  a  distinct 
groove  for  the  passage  of  the  peduncle.  This  type  com- 
prises the  oldest  of  British  Brachiopods,  L.  fermginea  being 
a  small  form  which  occurs  low  down  in  the  Lower  Cam- 
brian. Another  species — viz.,  L.  Bavisii — is  extremely  abun- 
dant in  the  so-called  "  Lingula  Flags  "  (Upper  Cambrian). 

In  Obolus  (fig.  316,  b)  the  valves  are  orbicular,  sub- 
equal,  smooth,  the  ventral  valve  having  a  longitudinal 
furrow  for  the  pass^e  of  fibres  of  attachment,  which  pass 
out  between  the  beaks.  The  valves  are  unarticulated,  and 
are  maintained  in  apposition  by  muscular  action.  AH  the 
known  species  of  Obolus  are  confined  to  the  Silurian  period, 
and  are  especially  characteristic  of  the  Lower  Silurian  period. 
The  genus  Oboldla,  of  the  Cambrian  and  Lower  Silurian, 
is  nearly  allied  to  Obolits,  but  the  arrangement  of  the 
muscular  impressions  is  different.     Lastly,  Kutorgina   (fig. 
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318),  of  the  Upper  Cambrian,  resembles  Oboldla  in  many 
respecta,  but  possesses  a  straight  hinge-line. 


•KMtargltut  tiny^iJata,    (KUIiigs,)    Upper  Combrlmii. 


Fam.  XI.  Trimerellid^  —  This,  the  last  family  of  the 
BToekiopoda,  is  related  to  the  preceding,  and  comprises 
forms  in  many  respects  allied  to  Obolua.  The  shell  is 
inequi valve,  calcareons,  the  beaks  usually  prominent,  or 
sometimes  obtusely  rounded,  and  either  massive  and  solid, 
or  divided  by  a  partition  into  two  chambers.  There  is  a 
well-developed  hinge-area  (fig.  320),  and  a  wide  deltidium. 


.-™t.  Upi™ 

Unindla—ctrt.   Upper  Si- 

(Aft«r  David- 

lurtan.    (Aftar  DtvLdnon 

Iiirisn.     (After  D.yid.on 

i«g.> 

«.dKl„g.) 

mi.  King.) 

bounded  by  two  ridges,  the  inner  ends  of  which  serve  as 
teeth,  though  true  teeth  are  not  present.  Each  valve  is 
furnished  with  muscidar  platforms,  which,  in  the  typical 
species,  are  elevated  and  doubly  vaulted.  The  principal,  or 
only,  genera  of   the  family  are  Trivierella,  Dinoholus,   and 
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Monomerdla,  all  of  which  are  confined  to  the  Lover  and 
Upper  Silurian  rocks. 

The  genera  of  this  family  are  especially  characteristic  of 
parts  of  the  Upper  Silurian,  and  especially  of  the  so-called 
"  Guelph  Formation "  of  North  America.  The  differences 
between  them  are  founded  mainly  upon  internal  characters, 
and  as  specimens  usually  occur  in  the  state  of  casts  of  the 
interior,  their  study  is  attended  with  unusual  difficulties. 
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CHAPTER  SXIII. 

LAMELLIBBANCHIATA. 

The  Zamdlibranckiata,  Pdecypoda,  or  Bivalve  Shell-fish,  are 
distinguished  by  the  fact  that  the  head  is  not  distinct,  and 
the  mouth  is  destitute  of  any  apparatus  of  teeth.  The  body  is 
more  or  less  comphlely  prot&ited  by  a  bivalve  slidl,  composed  of 
two,  usually  symmetriml,  pieces  or  valves.  There  are  generally 
two  leaf -like  lamellar  gills  upon  each  side  of  the  body. 

The  LamelHbranchs  include  all  the  ordinary  Bivalve  Shell- 
fish, such  as  Oystere,  Cockles,  Mussels,  and  the  like,  and  they 
are  all  either  marine  or  inhabitants  of  fresh  water. 

Though  they  agree  with  the  £rachiopoda  in  possessing  a 
shell  which  is  composed  of  two  pieces  or  valves,  there  are, 
nevertheless,  many  points  in  which  the  shell  of  a  Lamelli- 
branch  is  distinguishable  from  that  of  a  Brachiopod,  irrespec- 
tive of  the  great  difference  in  the  structure  of  the  animal  in 
each.  The  sliell  in  the  Brachiopoda,  as  we  have  seen,  is 
rarely  or  never  quite  equivalve,  and  always  ha^  its  two  sides 
equally  developed  (equilateral) ;  whilst  the  valves  are  placed 
antero-post«riorly  as  regards  the  animal,  one  in  front  and  one 
behind,  so  that  they  are  "  dorsal "  and  "  ventral."  In  the  Lam- 
ellihranckiata,  on  the  other  hand,  the  two  valves  are  usually  of 
nearly  equal  size  (equivalve),  and  are  more  developed  on  one 
side  than  on  the  other  (inequilateral) ;  whilst  their  position  as 
regards  the  animal  is  always  lateral,  so  that  they  are  pro- 
perly termed  "right"  and  "left"  valves,  instead  of  "ventral" 
and  "  dorsal." 

It  is  to  be  remembered,  however,  that  many  of  the  Bi- . 
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valves,  such  as  the  Oysters,  habitually  lie  od  one  side,  in 
vhicb  case  the  valves,  though  really  right  and  left,  are  called 
"  upper  "  and  "  lower."  It  is  to  be  borne  in  mind  also  that 
the  two  valves,  especially  in  the  attached  Bivalves,  may  be 
very  unsymmetrical,  one  valve  being  much  larger  or  deeper 
than  the  other.  Lastly,  there  are  some  cases  in  which  the 
shell  becomes  very  nearly  equilateral,  the  line  drawn  from 
the  bea^s  to  the  base  dividing  the  shell  into  two  almost 
equal  halves. 


fig.  MS.— Left  nlTe  ot  Crttrrm  eUmu  (itler  Wtudnid).  i,  Aalsrtor  mugin;  b,  Poa- 
tcilor  muf^  ;  a,  Vcotral  matgln  or  bue.  n.  Umbo ;  k,  Ugunent ;  I,  Lnsnle ;  c,  Cirdliuil 
tnnllii  1.1,  luteal  teetti:  a.  Anterior  iddDCtor;  i^PoetsrioT  tdductor;  p,  PiIlU  line; 
9.  Filllil  iloiu,  aused  by  ths  ntnctor  miuclea  o[  Um  ilfihoaa. 


The  following  are  the  chief  points  to  be  noticed  in  con- 
nection with  the  shell  of  any  Lamellibranch :  Each  valve  of 
the  shell  may  be  regarded  as  essentially  a  hollow  cone,  the 
apex  of  which  is  tamed  more  or  less  to  one  side ;  so  that 
more  of  the  shell  is  situated  on  one  side  of  the  apex  than  on 
the  other.  The  apex  of  the  valve  is  called  the  "  umbo,"  or 
"beak"  (fig.  322,  u),  and  is  almost  always  turned  towards 
the  mouth  of  the  animal.  Consequently  the  side  of  the  shell 
towards  which  the  umbonea  are  turned  is  the  "anterior" 
side,  and  it  is  usually  the  shortest  half  of  the  shelL  In 
some  Bivalves,  however,  the  beaks  are  "  reversed,"  and  are 
turned  towards  the  posterior  side  of  the  shelL     The  longer 
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half  of  the  shell,  from  vhich  the  umbones  turn  away,  is 
called  the  "posterior"  side,  but  in  some  cases  this  is  equal 
to,  or  even  diorter  than,  the  anterior  side.  The  side  of  the 
shell  where  the  beaks  are  situated,  and  where  the  valves  «ire 
united  to  one  another,  is  called  the  "  dorsal "  side ;  and  the 
opposite  mai^in,  along  which  the  shell  opens,  is  called  the 
"  ventral "  side,  or  "  base."  The  length  of  the  shell  is  meas- 
ured from  its  anterior  to  its  posterior  margin,  and  its  hreadt/i, 
from  the  dorsal  margin  to  the  base. 

At  the  dorsal  mai^in  the  valves  are  united  to  one  another 
for  a  shorter  or  longer  distance,  along  a  line  which  is  called 
the  "  hinge-line."     The  union  is  effected  in  most  shells  by 
means  of  a  series  of  parts  which  interlock  with  one  another 
(the  "  teeth "),  but  these  are  sometimes  absent,  when  the 
shell  is  said  to  be  "  edentulous."     Posterior  to  the  umbonea, 
in  most  bivalves,  is  another  structure-  passing  between  the 
valves,  which  is  called  the  "  ligament,"  and  which  is  usually 
composed  of  two  parts,  either  distinct  or  combined  with  one 
another.     These  two  parts  are  known  as  the  "external  liga- 
ment "  (or  the  ligament  proper),  and   the  "  cartilage,"  and 
they  constitute  the  agency  whereby  the  shell  is  opened ;  but 
one  or  other  of  them  may  be  absent     The  hgament  proper 
is  outside  the  shell,  and  consists  of  a  band  of  homy  fibres, 
passing  from  one  valve  to  the  other  just  behind  the  beaks,  in 
such  a  manner  that  it  is  put  upon  the  stretch  when  the  shell 
is  closed.     The  cartilage,  or  internal  ligament,  is  lodged  be- 
tween the  hinge-lines  of  the  two  valves,  generally  in  one  or 
more  "  pits,"  or  in  special  processes  of  the  shell.      It  consiata 
of  elastic  fibres  placed  perpendicularly  between  the  surfaces 
by  which  it  is  contained,  so  that  they  are  necessarily  short- 
ened and  compressed  when  the  valves  are  shut.     To  open 
the  shell,  therefore,  it  is  simply  necessary  for  the  animal  to 
relax  the  muscles  which  are  provided  for  the  closure  of  the 
valves,   whereupon  the   elastic   force   of  the   ligament  and 
.cartilage  is  sufficient  of  itself  to  open  the  shell. 

The  hinge-line  is  mostly  curved,  but  it  may  he  quite 
straight.  Generally  the  beaks  are  more  or  less  contiguous, 
hut  they  may  be  removed  from  one  another  to  a  greater  or 
less  distance,  and  in  some  anomalous  forms  they  are  not 
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Dear  one  another  at  alL  In  the  Arcadce  the  two  beaks  are 
separated  from  one  another  by  an  oval  or  lozenge-ahaped  flat 
space  or  area.  When  teeth  are  present,  they  differ  much  in 
their  form  and  arrangement  In  some  forms  (fig.  322)  the 
teeth  are  divisible  into  three  sets — one  group,  of  one  or  more 
teeth,  placed  immediately  beneath  the  umbo,  and  known  as 
the  "  cardinal  teeth ; "  and  two  groups  on  either  side  of  the 
preceding,  termed  the  "  lateral  teeth."  Sometimes  there  may 
be  lateral  teeth  only ;  sometimes  the  cardinal  teeth  alone  are 
present ;  and  in  some*  cases  {Arcadce)  there  is  a  row  of  simi- 
lar and  equal  teeth. 

In  the  interior  of  the  shell  of  the  Bivalves  are  found  cer- 
tain markings  which  are  often  of  great  importance  to  the 
paUeontologist  The  body  is  enclosed  in  an  expansion  of 
the  dorsal  integument,  which  constitutes  the  "mantle"  or 
"  pallium,"  whereby  the  shell  is  secreted.  Towards  its  cir- 
cumference the  mantle  is  more  or  less  completely  imited 
to  the  shell,  leaving  in  its  interior,  when  the  soft  parts  are 
removed,  a  more  or  less  distinctly  impressed  line,  which  is 
called  the  "pallial  line"  or  "pallial  impression"  {fig.  323,  n). 
In  some  of  the  Bivalves  the  two  halves  or  "  lobes "  of  the 
maiitle  are  united  at  their  margins,  so  that  the  animal  is 
enveloped  in  an  almost  closed  aac  In  these  cases  it  is 
necessary  that  there  should  be  orifices  in  the  mantle-sac  by 
which  water  can  be  admitted  to  the  gills,  and  can  be  expelled 
again  from  the  body.  The  mai^ins  or  lips  of  these  orifices 
are  usually  drawn  out  or  extended  into  longer  or  shorter 
muscular  tubes,  which  are  termed  the  "  siphons,"  and  which 
may  be  either  separate,  or  may  be  united  to  one  another 
along  one  side.  The  Bivalves  which  possess  these  siphons 
are  said  to  be  "  siphonate,"  and  there  are  two  leading  modi- 
fications in  the  arrangement  of  these  tubes.  In  the  Sipho- 
nate Bivalves  which  spend  their  existence  buried  in  sand  or 
mud,  as  well  as  in  many  other  cases,  the  siphons  are  long, 
and  can  be  partially  or  entirely  retracted  within  the  shell  by 
means  of  special  musdes,  called  the  "  retractor  muscles  of 
the  siphons."  In  these  cases,  the  pallial  line  does  not  run 
in  an  unbroken  curve,  but  is  deflected  inwards  posteriorly, 
so  aa  to  form  an  indentation  or  bay,  which  is  termed  the 
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"  pallial  sinus  "  (fig.  323,  2).  Tlie  presence,  therefore,  of  an 
indented  pallial  li-ne  ahmos  thai  the  animal  possessed  retraciile 
siphons.  In  other  Bivalves  the  respiratory  siphons  are  of 
small  size,  and  are  destitute  of  retractor  muacles,  so  that 
they  cannot  be  withdrawn  within  the  shell.  In  these  cases 
the  "  pallial  line,"  or  the  impression  caused  by  the  attach- 
ment of  the  muscular  border  of  the  mantle,  is  unbroken  in 
its  curvature,  and  presents  no  indentation  (fig.  323,  1).  In 
another  group  of  the  Bivalves  there  are  no  respiratorj' 
siphons  at  all,  and  the  mautle-lobes  are  free,  and  are  not 
united  to  one  another  at  their  edges.     In  these  cases  also. 


Fig  S2S.— BbtUa  of  Idmslllbrucfaliti.  1,  Ctdai  amibn,  s  dJinf^ry  shell  with  in  entln 
jaUlaX  Una.  i.  Tapa  ptiUatra,  i  dlmyirf  ihaU  wllh  *n  icdeDtod  twUlil  IIud.  S.  Frmn 
eiAippiHiii,  ■  monomTarT  ihell  (after  WDodwud).  a,  PillUl  line ;  b,  Hiucalar  Inipns- 
^ona  lAft  bjr  the  adduelon ;  c,  Blphonal  ImpmaloD. 

the  pallial  line  is  unbroken  or  "  simple."  When,  therefore, 
\ve  find  a  Bivalve  shell  in  which  the  pallial  line  w  not  in- 
dented by  a  sinus,  we  know  that  the  animal  which  inhabited 
the  shell  either  possessed  no  siphons,  or  that  if  siphons  were 
preserU,  they  were  small  and  not  retractile. 

In  accordance  with  these  considerations,  the  Zamellibranchi- 
ata  are  divided  into  two  sections,  according  as  respiratory 
siphons  are  present  or  absent,  and  according  to  their  nature 
when  they  exist. 

Section  A.  Asiphonida.  —  Animal  without  respiratory 
siphons ;  mantle-lobes  free ;  the  palEal  line  simple  and  not 
indented  {Integro-paUialia). 

This  section  comprises  the  families  Osirndce,  Aviculida:, 
Mf/tilidas,  Arcadm,  IVigoniadm,  and  Unionidw. 

Section  B,  Siphonida. — Animal  with  respiratory  siphons  ; 
mantle-lobes  more  or  less  united. 
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Two  Bubdivisioiis  are  comprised  in  this  section.  In  the 
first  the  tiphons  are  short,  and  the  pallial  line  i»  simple  {IiUegro- 
pallialvi) ;  as  is  seen  in  the  families  ChamidcE,  ffippurilidm, 
Tridacnidee,  CardiadcB,  Ludnida,  Cydadida,  and  Cgprinidce. 

The  second  subdivision  (Sinu-pallialia)  is  distinguished 
by  the  possession  of  l<m^  respiraiory  siphone,  and  a  sinuated 
pallial  line,  and  it  comprises  the  families  Venenda,  Mtutridm, 
Tellinidfe,  SolenidtB,  Myacidee,  Anatiitid^,  Gastrochanidce,  and 


Besides  the  impressions  left  by  the  muscular  border  of  the 
mantle,  and  by  the  retractor  muscles  of  the  siphons,  when 
these  are  present,  there  are  other  impressions  caused  by  the 
insertion  into  the  shell  of  the  muscles  by  which  the  valves 
are  brought  t<^ther — the  "adductor  muscles."  The  num- 
ber of  adductor  muscles  never  exceeds  two,  but  there  may 
be  only  one;  and  in  accordance  with  this  distiDction  the 
Bivalves  have  beeu  divided  into  the  two  groups  of  the 
Dimyaria  and  Mimomyarta.  These  divisions,  however,  are 
not  of  very  high  value.  In  most  Bivalves  there  are  two 
adductor  muscles  passing  between  the  inner  surfaces  of  the 
valves,  one  being  placed  anteriorly,  in  front  of  the  mouth, 
whilst  the  other  is  situated  posteriorly,  in  the  neighbourhood 
of  the  vent.  In  the  Monomyary  Bivalves  it  is  the  posterior 
adductor  which  remains,  and  the  anterior  adductor  is  absent. 
The  adductors  leave  distinct  "  muscular  impressions,"  or  scars, 
in  the  interior  of  the  shell,  so  that  it  is  easy  in  any  given 
specimen  to  determioe  where  there  was  only  one  adductor,  or 
whether  two  were  present  (see  fig.  323). 

The  habits  of  the  Zamellibranchiala  are  very  various.  Some, 
such  as  the  Oyster  (Ostrea),  and  the  Scallop  (^Pecten),  habit- 
ually lie  on  one  side,  the  lower  valve  being  the  deepest,  and 
the  foot  being  wanting,  or  rudimentary.  Others,  such  as  the 
Mussel  (MytUvs),  and  the  Pinna,  are  attached  to  some  foreign 
object  by  an  apparatus  of  threads,  which  is  called  the  "  bys- 
sus,"  and  is  secreted  by  a  special  gland,  and  for  the  passage 
of  which  a  special  notch  or  aperture  may  exist.  Others  are 
fixed  to  some  solid  body  by  the  substance  of  one  of  the  valves. 
Many,  such  as  the  Myas,  spend  their  existence  sunk  in  the 
sand  of  the  sea'^hore  or  in  the  mud  of  estuaries.     Others,  as 
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the  Pholades  and  Idthodomi,  bore  holes  in  rock  or  wood,  in 
which  they  live.  Finally,  many  are  permanently  free  and 
locomotive. 

As  regards  the  general  distrihviiaii  in  time  of  the  Lamdli- 
branchiaia,  the  class  seems  to  have  commenced  in  the  Lower 
Silurian  rocks,  and  to  have  steadily  increased  np  to  the  pres- 
ent day,  when  it  seems  to  have  attained  its  maximum,  both 
as  r^;ard3  numbers  and  as  r^ards  variety  of  type.  The 
recent  Bivalves  are  also  superior  in  organisation  to  those 
which  have  preceded  them.  In  the  Palseozoic  and  earlier 
Secondary  deposita  the  Bivalves  belong  mainly  to  the  group 
of  the  Asiphonida,  in  which  there  are  no  respiratory  siphons. 
In  the  later  Secondary  and  Tertiary  rocks,  on  the  other  hand, 
there  is  a  predominance  of  Siph&nate  Bivalves,  in  which  the 
mantle-lobes  are  united  and  there  are  respiratory  siphons. 
Upon  the  whole,  the  Zamell'ihTanckiaia  are  sparingly  repre- 
sented in  the  Lower  Silurian,  more  abundant  in  the  Upper 
Silurian,  reduced  in  numbers  in  the  Devonian,  very  plentiful 
in  the  Carboniferous,  scanty  in  the  Permian  and  Trias,  pro- 
fusely represented  in  the  Jurassic  rocks,  and  very  abundant 
in  the  Cretaceous  and  Tertiary  perioda  (Lobley).  In  the 
Carboniferous  rocks  the  family  of  the  Amevlida  is  especially 
abundant.  One  very  singular  and  aberrant  family — viz.,  the 
ffippurUidcB — is  exclusively  confined  to  the  Secondary  period, 
and  is  not  known  to  occur  out  of  the  limits  of  the  Cretaceous 
formation.  The  Veneridm,  which  are  perhaps  the  most  highly 
organised  of  the  Zaviellibranchiata,  appear  for  the  firat  time 
in  the  Oolitic  rocks,  and,  increasing  in  the  Tertiary  period, 
have  culminated  in  the  Eecent  period.  The  remains  of 
LamellihraTichiata  axe  very  abundant  in  many  formations, 
and  are  of  great  paleeontological  importance.  It  will  there- 
fore be  well  to  review  the  famihes'  of  the  class  briefly, 
giving  the  leading  characters,  more  important  genera,  and 
geological  distribution  of  each. 

'  In  tbe  folloving  ajnoptical  riew  of  the  Lainillihranekiaia,  the  claniticn- 
tfan  adopted  in  WaodwRrd'*  admJiebU  '  Manual  of  tbe  MoUnsca  *  has  been 
maiiil;  folloved. 
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Section  A. — Asiphonida. 


Fam.  1.  OsTHEiD^ — Shell  inequivalve,  slightly  inequi- 
lateral, free  or  attached ;  hinge  usually  edentulous.  Ligament 
internal.  Lobes  of  the  mantle  entirely  separated ;  the  foot 
small  and  byssiferoua,  or  wanting,     A  single  adductor  muscle. 

In  the  typical  Oysters,  forming  the  genus  Ostrea  (figs.  324, 


Fig.  324.— OdiH  CuiiJoNJ.     Lower  Omnund. 

325),  the  shell  is  irregular,  and  is  attached  by  the  left  valve, 
which  is  also  convex,  and  has  a  well-marked  beak.  The 
upper  valve  is  generally  flat  or  concave,  and  is  the  smallest 
of  the  two  valves.     The  binge  is  toothless,  with  a  single 


ytg.  325.— Oum  abulia.    Lover  Oiwnund. 

ligamental  pit.  Both  valves  may  be  more  or  less  completely 
plain,  and  the  upper  one  especially  often  is  so.  The  lower 
valve,  however,  ia  commonly  plaited,  and  both  valves  are 
sometimes  thus  ornamented,  as  in  Ostrea  Marskii  of  the 
Oolites  (fig.  326). 
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In  the  Bub^nus  Orypkeea  are  included  Oysters  wUch  were 
either  quite  free  or  very  slightly  attached.  The  left  or  lower 
valve  (fig.  327)  is  much  the  lai^est,  and  has  a  very  pro- 


nounced incurved  beak,  whilst  the  right  valve  is  small  and 
concave.  In  the  sub-genus  Exogyra  (fig,  328),  again,  the 
beaks  are  "  reversed  " — that  is  to  say,  turned  towards  the 
posterior  side  of  the  shell.  True  Oysters  commence  to  be 
represented  in  the  Carboniferous  seas,  abound  in  the  Secon- 
dary and  Tertiary  periods,  and  are  very  plentiful  at  the 
present  day.     The  sub-genera  Gryphma  and  Exogyra  are  ex- 


Fig.  SU.— £wnrm  vlrfi^a.    Upper  OollM. 

clusively  Mesozoic,  the  former  abounding  especially  in  the 
lower  portion  of  the  Oolitic  aeries,  whilst  the  latter  is  chiefly 
characteristic  of  the  later  Oolitic  and  Cretaceous  deposits. 

Lastly,  the  genus  FemoStrm  has  been  founded  for  Juras- 
sic Oysters,  which  differ  from  OUrm  proper  in  having  the 
ligament  contained  in  from  four  to  eight  transverse  grooves  or 
pita  (as  in  Pernd). 

In  a  second  section  or  sub-family  (Anomiadce)  of  the  pres- 
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ent  family  we  have  various  forms,  of  which  Arwmia  itself  is 
the  type.  This  genua  comprises  Oatreiform  Bivalves,  with  a 
thin  and  translucent  shell,  which  ia  fixed  to  some  solid  body 
by  8  plug  which  passes  through  a  hole  or  notch  in  the  right 
valve.  The  first  appearance  of  Anomia  seems  to  be  in  the 
Cretaceous  rocks ;  but  the  Limarwmia  of  the  Devonian,  the 
Anomianella  of  the  Carboniferous,  and  the  Placunopsia  of  the 
Jurassic,  are  earlier  forms  of  the  same  type.  The  genus 
Plaeuna,  dating  from  the  Tertiary  (?),  comprises  flattened  and 
cake-like  Oysters,  allied  in  many  respects  to  Anomia,  but 
having  the  shell  unattached. 

A  third  group  is  that  of  the  PectinidcE,  often  ranked  as  a 
distinct  family,  and  typified  by  the  familiar  genus  Peden, 
comprising  the  Scallops.     In  this  genus  (fig.  329)  the  shell 


Fig.  SN.— F«(n  liloKdim,  lelt  tiIv*.    Pcnt-Iertluj  ud  R««Dt 

rests  upon  the  right  valve,  and  the  beaks  are  furnished  with 
ears.  The  anterior  ears  are  usually  the  largeat  and  most 
prominent,  and  the  shell  is  generally  furnished  with  ribs 
radiating  from  the  umbos.  There  is  a  single,  median,  trian- 
gular cartilage-pit.  The  right  valve  is  the  deepest,  and  is 
notched  below  the  anterior  ear.  Using  the  name  Pecten  in 
its  modem  and  restricted  signification,  it  is  probable  that  all 
the  Fakeozoic  shells  so  named  are  really  referable  to  allied 
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genera  {Aviculopedm,  and  Pemopecten  more  especially).  The 
genus,  however,  is  largely  represented  both  in  the  Secondary 
and  Tertiary  deposits,  and  exists  under  numerous  and  varied 
forms  at  the  present  day.  Closely  allied  to  Peden  is  the  genus 
HinnUes,  in  which,  however,  the  shell  is  attached,  during 
the  later  stages  of  its  life,  to  foreign  bodies  by  the  substance 
of  the  right  valve.  It  still  exists,  and  is  represented  by 
various  Secondary  and  Tertiary  species. 

In  the  genus  Permpeden,,  of  the  Devonian  and  Carbonifer- 
ous, we  have  a  group  of  Scallops,  with  small,  nearly  equal, 
ears,  the  central  triangular  cartilage-pit  being  flanked  by  a 
row  of  smaller  pits  on  each  side  (thus  approaching  Pema), 
and  the  surface  being  nearly  or  quite  devoid  of  radiating 
ridges. 

A  much  more  important  Falteozoic' genus  is  Avwulopeden 
(fig.  330),  which,  as  its  name  implies,  affords  a  transitional 
link  between  the  present 
family   and    that    of   the 
Aviculida:.     The  shell  in 
this  genus  has  the  general 
form  and  aspect  of  tliat  of 
Pecien  itself;  but  the  an- 
terior ear  is  flattened,  and 
smaller  than  the  postfrityr 
one.      There  is  a  byssal 
notch  beneath  the  anterior 
ear;   but  there  is  no  me- 
dian cartilage-pit,  and  the 
^''^''^^^^i^i,"^!^'^  ^"'      ligament  is  confined  to  a 
narrow    facet    along    the 
hinge  -  margin.     The  muscular  impression   and   pallial  line 
are  as   in  Pedm.      The  species  of  Aviculopecten  are  dis- 
tributed between  the  Devonian  and  Permian,  but  they  are 
most  characteristic  of  the  Carboniferous  rocks,  in  which  they 
are  extremely  abundant.     In  the  absence  of  a  median  carti- 
lage-pit, and  the  lodgment  of  the  ligament  in  a  groove  along 
the  hinge-line,  the  genus  approaches  the  Amculidw,  but  its 
shell  is  stated  by  Meek  to  have  the  corrugated  and  laminated 
structure  of  Pecten,  and  not  the  prismatic  structure  of  the 
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former.  The  genera  Entolium,  of  the  Carboniferoua,  and 
Streblopteria,  of  the  Carboniferous  and  Permian,  comprise 
fomiB  more  or  less  closely  related  to  the  preceding. 

A  fourth  group  of  the  OatreidcB,  also  often  regarded  as  a 
distinct  family  {LimadcE),  is  that  typified  by  the  genus  Lima 
or  Radvia.  In  this  genus  the 
shell  is  eqnivalve  and  free,  and 
the  beaks  are  separated  from 
one  another  and  eared  (fig. 
331).  The  surface  is  generally 
adorned  with  radiating  ribs, 
and  there  is  a  median  cartilage- 
pit,  and  a  triangular  hinge-area. 
The  genus  (including  Plagio- 
stmna)  appears  to  occur  in  the 
Carboniferous,  is  abundantly 
represented  in  the  Triassic, 
Jurassic,  Cretaceous,  and  Ter- 
tiary rocks,  and  exists  in  dimin- 
ished numbers  at  the  present  F5g.8»i.-««(piojio.(«io)ifiBOBieo. 
day,    Limaa,  ranging  from  the 

Trias  to  the  Eecent  period,  differs  from  Lima  principally 
in  having  the  hinge-line  closely  toothed ;  and  the  Limoptera 
of  the  Devonian  may  be  an  early  representative  of  this  group. 

A  fifth  group  of  the  Ostreidof,  sometimes  raised  to  the 
rank  of  a  distinct  family  {Spondylidcc),  is  that  represented  by 
the  Thorny  Oysters,  forming  the  genus  Spondylus.     In  this 


genua  (fig.  332)  the  shell  is  ineqmvalve,  and  is  fixed  by  the 
right  valve  to  some  foreign  body.     The  beaks  are  apart  and 
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eared,  and  the  ahell  is  covered  vith  spines,  foliaceous  expan- 
sions, or  ribs  radiating  from  the  beak.  The  lower  valve  has  a 
triangular  hinge-area,  and  there  are  two  teeth  in  each  valve. 
The  Spondyli  seem  to  have  commenced  in  the  Jurassic 
period,  are  abundant  in  the  Cretaceous,  and  have  continued 
through  the  Tertiary  period  to  the  present  day. 

Lastly,  the  PlicatvitE  (fig,  333)  approach  the  Spondyli 
neariy,  by  having  an  inequivalve  shell,  which  is  attached 
by  the  right  valve,  and  by  having  two  hinge-teeth  in  each 
valve.  The  shell,  however,  is  rarely  eared,  the  hinge-area  is 
obscure,  and  the  valves  are  not  spiny,  though  they  may  be 
plaited.  The  PlicatidcB  extend  from  the  Trias  to  the  present 
day,  and  they  abound  to  such  an  extent  in  parts  of  the 
Lower  Greensand  (Cretaceous),  as  to  have  given  rise  to  the 
name  of  "  Argile  k  Plicatulea "  applied  to  the  beds  in 
question. 


Fig.  its,— Ptiratala  plaamta,    Lovu  OnenHiid. 

Fam,  2.  AvicuLJD-«.  —  Shell  inequivalve,  very  oblique, 
attached  by  a  byasus ;  liinge  neariy  or  quite  edentulous. 
Mantle-lobes  free;  pallial  line  entire.  Anterior  adductor 
small,  leaving  its  impression  within  the  umbo ;  posterior 
adductor  large  and  sub-central.     Foot  small. 

The  family  of  the  Avicididce  is  a  very  large  one,  and  has 
a  most  extensive  development  in  past  time,  beginning  under 
various  types  in  the  Lower  Silurian,  and  being  continued 
thereafter  to  the  present  day.  The  various  typea  included 
in  this  family  may  be  briefly  considered  under  the  following 
groups: — 

Firstly,  we  have  the  great  group  of  shells  of  which 
Avicvia  itself  (fig.  334)  is  tiie  type.  In  this  genus  the  shell 
is  oblique  and  very  inequivalve.     The  right  valve  has  a 
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notch  imder  the  anterior  ear,  and  the  hinge  has  one  or  two 
cardinal  teeth,  sometimes  with  an  elongated  posterior  tooth. 
How  far  many  of  the  Palteozoic  shells  which  have  been 
referred  to  Avkula  can  be  regarded  as  truly  referable  to  this 
genus  is  doubtful ;  but  numerous  species  have  been  quoted 
from  the  Silurian  upwards,  and  undoubted  representatives 
of  this  type  are  abundant  in  the  Secondary  and  Tertiary 
rocks.  Aucella,  of  the  Permian  and  Secondary  deposits, 
resembles  Avicula,  but  the  anterior  ear  of  the  left  valve  is 
obsolete.  In  the  genus  Monotis  (fig.  334  d),  of  the  Permian 
and  Triassic  rocks,  the  shell  is  like  that  of  Avicula  in 
general  form ;  but  the  anterior  side  is  short  and  rounded, 
and  the  posterior  is  slightly  eared.  The  curious  genus  Posi- 
donomya  fig.  334,  p),  ranging  from  the  Silurian  to  the  top  of 
the  Paleeozoic  rocks,  comprises  singular,  thin,  concentrically- 


V\g,  334.— Tfpn  ot  Ariadidir.  i..  AttnTUla  CoaiiUIiia--CRt««i>iu ;  b,  jtcfcula  amterla— 
Upper  Triu;  c,  Kti^HUa  fiUaOa—'Eiirtaa;  d,  McniBtit  qtlumnrla— Pcrmlu ;  i,  Interior  of 
tbs  (bell  ot  tho  BUne,  ibowlrg  tbe  ulductor  ImpreHian  and  pkUlal  lins ;  r,  BotidonimtB 
B«M— Devonlmn. 

Striated  shells,  with  a  straight  hinge-line,  and  a  genei-al  re- 
semblance in  shape  to  the  valves  of  Estheria.  The  hinge  is 
toothless,  and  no  ears  are  developed.  Closely  allied  to  the 
preceding,  and  to  one  another,  are  the  genera  Halohia  and 
Daondla  (fig.  335),  of  the  Triassic  period,  in  both  of  which 
are    comprised    flat,   equivalve,   radiately  -  striated    shells, 
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slightly   inequilateral,   the    hinge -line   straight,    without    a 
ligamental  pit  or  teeth,  and  with  no  ears.     PaeudanwTiotia 
{Eumicrolis),  of    the   Car- 
boniferous   and    Permian, 
tliough   in    some   respects 
allied  to  Monotis,  has  a  very 
inequivalve  shell,  which  is 
hardly  at  all  oblique ;  while 
the  Silurian  Amphicodia  is 
more  nearly  allied  to  the 
forms  immediately    to   be 
Ff«.3»6.-fla™«ita(fla!»wa)i™™ni.  Triu.     mentioned,  the  shell  being 
nearly    equivalve,    eared, 
and  ha\Tng  a  triangular  cartih^e-pit  beneath  the  beaks.     We 
must  also  associate  here  the  genera  Ajiibonyckia,  and,  provi- 
sionally, Cardiola,  both  characteristically,  though  not  exclu- 
sively, Silurian,  and  the  former  leeiding  us  into  the  group  of 
AiiculickB  represented  by  Pterinea  and  its  allies.     In  Am- 
lonychia  (fig.  337)  the  shell  is  oblique,  with  nearly  equal 


convex  valves,  winged  posteriorly,  the  anterior  ears  being 
nearly  obsolete,  and  haxang  the  surface  generally  ornamented 
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with  prominent  radiating  ribs.  The  genus  Cardiola  (fig. 
338,  A  and  c)  occupies  an  uncertain  position,  though  the 
type-speciea — C.  intemipta,  of  the  Upper  Silurian — would 
appear  to  be  properly  referable  to  the  Avicuiidw.  The 
genus,  however,  has  been  referred  to  the  Arcadce;  and  it  is 
questionable  how  many  of  the  forms  so-called  truly  belong 
here.  The  shell  in  the  type-form  is  oblique  and  equiyalve, 
with  prominent  beaks,  and  radiating  surface  -  ribs,  both 
valves  being  convex,  and  the  general  appearance,  as  the 
name  implies,  reminding  one  of  the  Cockles  (Cardium). 

Closely  related  to  the  group  we  have  been  considering  is 
another  section  of  the  AvicuHdm,  of  which  Pterinea  (figs.  336, 
338,  b)  is  the  type.  In  this  genus  the  shell  resembles  that  of 
Avitrula  in  being  eared  and  oblique,  but  it  is  nearly  equivalve, 
and  the  long  straight  hinge-line  carries  a  few  anterior  radiat- 
ing teeth  aloi^  with  elongated  and  oblique  posterior  teeth. 
The  genus  ranges  from  the  Silurian  to  the  Carboniferous. 


Monopteria,  separated  from  the  preceding  chiefly  by  its  eden- 
tulous hinge,  la  Carboniferous,  as  is  the  thin-shelled  Pteroniies 
of  the  same  formation ;  while  the  Lower  Silurian  Megapiera 
wants  the  posterior  oblique  teeth  of  Pterinea,  and  in  other 
i-espects  approaches  Ambonychia.  The  Jurassic  Pteropaiui, 
again,  is  a  link  between  Pterinea  and  the  group  represented 
by  Pema.  Lastly,  the  Carboniferous  and  Permian  genus 
yiyaXina  may  be  regarded  as  allied  to  Pterinea  by  the 
characters  of  its  hinge,  while  in  its  general  fonn  and  nearly 
terminal  beaks  it  resembles  the  Mussels. 

A  third  group,  hardly  separable  ftom.  the  first,  is  the  small 
one  represented  by  Vulsella  and  Malleus,  together  with  some 
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Tertiary  and  Secondary  forma  of  small  importaDce,  character- 
ised by  the  common  feature  that  the  ligament  is  lodged  in 
a  single  pit  extending  from  the  beak  internally.  Vulsella 
(fig.  334,  c)  is  distit^isbed  by  its  nearly  equivalve,  earless 
shell ;  while  the  "  Hammer-oystera  "  (Malleus)  have  very  long 
ears,  and  nearly  central  beaks.  Ko  fossil  forms  of  tho  latter 
are  known  with  certainty,  but  several  species  of  the  former 
have  been  detected  in  the  Tertiary,  and  others  have  been 
described  from  the  Secondary  rocks. 

A  more  important  group  of  the  AvictUidcB  is  that  repre- 
sented by  Pema  and  its  allies,  all  of  which  have  a  straight 
hinge-Une,  crossed  by  numerous  transverse  furrows  for  the 
lodgment  of  the  ligament.  In  Pema  (or  Melina)  itself  (fig. 
339)  the  shell  varies  in  form,  but  there  is  generally  a  long 
posterior  ear;   there  are    numerous   close -set  cartilage-pits, 


Fig.  3S».-{a)  Pema  MvOOt,  and  ft  partkid  of  its  hinge-line  (B).    Lower  Oneniand. 

and  the  r%ht  valve  has  a  byssal  notch.  The  genua  seems 
to  begin  in  the  early  part  of  the  Secondary  period,  and  is 
especklly  well  represented  in  the  Creteceous  and  Tertiary 
deposits.  A  laige  and  well-known  species  is  the  Pema 
Mvlleti  of  the  Lower  Greensand.  Allied  to  the  preceding 
is  the  genus  GervUlia  (fig.  340,  a),  in  which  the  shell  is 
elongated  and  very  oblique,  with  a  broad  and  wing -like 
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posterior  ear.  The  hinge-line  is  furnished  with  numerous 
cartil^e-pit3  (fig. '340,  b),  and  the  anterior  ear  is  compara- 
tdvely  small.  The  species  of  the  genus  are  principally 
Mesozoic,  though  a  few  Tertiary  forms  are  known.     Bake- 

wdlia,  of  the  Permian,  resembles  Germllia,  in  general  form, 
but  the  cartilage-pits  are  few  in  number,  and  the  hinge  is 
provided  with  anterior  and  posterior  teeth.  The  Devonian 
Adinodesma  is  probably  a  still  older  relative  of  Gervillia. 
In  this  connection  also  must  be  placed  the  singular  Triassic 
genera  Caseiandla  and  Hoemma,  the  former  exteudii^  also 
into  the  Jurassic.      In  Cassianeila  (fig.  340,  D  and  e)  the 


Fig.  S40.— Typei  of  Aviculida.  a,  UtrviUia  ^orfmannl— Lias ;  B,  Put  oT  hinge  of  Uis 
Buae»  enlvged ;  c,  Soer-nttia  Joan^it-AutiruE,  BlighU;  enlarged— Triifl ;  d  and  £,  OasiamUa 
grypkiota,  ot  dUTecmit  agee— Tiise.    (Alter  HUniter  uiil  L«ub«.) 

shell  is  thick  and  very  inequivalve,  the  right  valve  being 
flat  or  concave,  while  the  left  is  strongly  convex.  The  hinge- 
line  is  straight,  with  a  few  small  teeth,  and  there  are  short 
ears.  In  Sb^maiia,  again  (fig.  340,  c),  the  left  valve  is  simi- 
larly inflated,  with  a  similarly  incurved  beak,  but  cartil^e- 
pits  are  present,  a  single  strong  tooth  exists  in  both  valves, 
and  the  hinge-line  is  crenulated. 
Nearly  related  to  both  Qertnllia  and  Pema  is  the  import- 
VOL.  I.  2  H 
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ant  ftud  widely-distributed  genua  Inoceramua  (fig^.  341,  342), 
-which  is  entirely  confined  to  the  Secondary  period,  and  is 
mainly  characteristic  of  the  Cretaceous  series.     The  shells  of 


this  genus  are  inequivalve,  with  radiating  riha  or  concentric 
furrows,  and  with  prominent  beaks.  The  hinge-line  ia  long 
and   straight,  with   numerous  cartil^e-pits.     Some  of  the 


Pig.  Ml.— /soemniiM  prabtmatlcv.    Clmll!. 

Iiiocerami  attain  a  length  of  two  or  three  feet,  and  fragments 
of  them  are  often  found  perforated  by  boring  sponges. 

The  last  group  of  the  AviculidtB,  sometimes  raised  to  the 
rank  of  a  separate  family,  ia  that  of  the  Finnidce,  by  which 


we  are  naturally  conducted  to  the  true  Mussels  {Mytilida). 
In  Pinna  (fig.  343),  the  type-genus  of  this  group,  the  shell 
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is  equivalve  and  wedge-shaped ;  the  beaks  aie  placed  quite 
at  the  anterior  end  of  the  shell,  and  the  posterior  end  is 
truncated  and  gaping.  The  hinge  is  toothless,  and  there  is 
an  elongated  ligamental  groove.  The  genus  conunences  in 
the  Devonian,  is  well  represented  in  the  Carboniferous  as 
well  as  in  later  deposits,  and  exists  under  various  specific 
forms  at  the  present  day.  Trichiies,  of  the  Jurassic  and 
Cretaceous,  resembles  the  preceding,  but  has  an  inequivalve 
shell  and  twisted  beaks ;  while  the  Aviculopinna  of  the  Per- 
mian has  the  beaks  not  altogether  terminal 

Fam.  3.  Mytilida — Shell  equivalve ;  nmbones  anterior ; 
hinge,  typicalij,  edentulous ;  anterior  muscular  impression 
smsdl,  posterior  large.  Shell  attached  by  a  byssus.  Mantle- 
lobes  united  between  the  siphonal  apertures.  Foot  cylin- 
drical, grooved,  and  byssiferous. 

In  the  genus  MytUus  are  the  true  Mussels,  in  which  the 
shell  is  wedge-shaped,  and  the  beaks  terminal.  Numerous 
fossil  forma  are  known,  commencing  in  the  Permian.  The 
Modiolw,  or  "  H-jrse-mussels,"  have  the  beaks  anterior,  blunt, 
not  pointed,  the  hinge  edentnloua,  and  the  shell  oblong. 
More  than  one  hundred  fossil  species  have  been  described, 
commencing  in  the  Lias,  and  extending  to  the  present  day. 
The  Palfeozoic  Modidoe  are  probably  referable  to  different 
genera.  The  Date-shells  (I/Uhodomvs)  form  a  sub-genus  of 
Modiola,  and  are  distinguished  by  their  long,  cylindrical, 
anteriorly-indated  shell,  and  by  their  habit  of  fonuing  per- 
'  foratioDS  in  rocks,  in  which  they  live.  They  appear  to  date 
fium  the  Carboniferous  rocks,  and  are  known  to  palfeon- 
tologists  by  both  their  shells  and  their  burrows,  Grmella, 
of  the  Cretaceous,  Tertiary,  and  Becent,  is  another  ally  of 
Modiola. 

The  genus  Breissena  (including  Congma)  comprises  Mussel- 
shaped  Bivalves,  with  terminal  beaks,  and  a  snudl  byssal  notch 
in  the  right  valve,  but  differing  Irom  MytUus  in  having  keeled 
valves,  and  in  the  fact  that  the  internal  lining  of  the  shell  is 
not  nacreous.  Fossil  species  of  this  genus  appear  in  the 
Tertiary  rocks,  in  certain  parts  of  which  they  are  present 
in  great  abondanca  The  Carboniferous  genus  AiUkraeoplera 
may  be  r^^ed  as  probably  related  to  Dreisaena. 
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Of  the  Falfeozoic  Bivalves  which  have  been  more  or  less 
properly  referred  to  the  MytUidce,  the  following  deserve 
meotioD.  Firstly,  we  have  the  important  Silurian  genus 
Mbdiolopm  (fig.  344),  in  which  the  shell  is  equivalve,  very 
inequilateral,  the  heaka  anterior,  and  the  surface  smooth,  or 
marked  by  fine  concentric  lines  of  growth.  The  shell  is 
thin,  and  its  posterior  end  is  considerably  broader  than  Hie 


ng.St*.—MaHolajaUwdielaHi.    Idwer  SUuiUo. 

anterior.  The  hinge  is  edentulous,  and  there  is  a  ligamental 
groove,  which  begins  in  front  of  the  beak,  and  extends  to  the 
posterior  extremity. 

The  genus  Ortktmota  likewise  comprises  a  number  of  Silu- 
rian Bivalves,  and  is  also  in  a  somewhat  doubtful  position. 
The  shell  (fig.  345)  is  elongated,  equivalve,  very  inequilateral, 
having  the  beaks  placed  close  to  its  anterior  end.     The  shell 
is  thin,  and  its  margins  are  par- 
allel.     The  hinge  seems  to  be 
edentulous,  and  the  hinge-line  is 
typically  long  and  straight.     In 
one  group,  however,  of  the  shells 
placed     here    {Orthodesma)    the 
hinge-line  is  bent  or  contracted 
Fig.  s«  — 0rtttBKiio(0rt*«iMnio)jnr-      in  front  of  the  beaks,  and  straight 
behind  (fig.  345), 
We  may  also,  provisionally,  place  here  the  genera  Myo- 
amcha  and  Hippopodium,  in  accordance  with  the  views  of 
Stoliczka;  though  both  these  genera  have  a  toothed  hinge, 
and  in  other  respects  differ  from  the  MytUidce  and  approach 
the  genus  CaTdita.     In  Myoconcha  the  shell  is  mussel-shaped 
and  thick,  with  nearly  terminal  beaks  and  an  external  liga- 
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ment,  and  having  an  oblique  tooth  in  the  right  valve.     The 
Jurassic  Sippopodmm  (fig.  346) — typified  by  the  well-known 


Fig.  MB.— Hlppopodlint  pDHdnvmiii.    Liu. 

H.  poTiderogum  of  the  lias — closely  resembles  the  preceding, 
but  the  shell  is  more  massive  and  ventricose,  and  there  is  a 
single  thick  oblique  tooth  in  each  valve. 

Fam.  4.  Arcade  —  Shell  equivalve ;  hinge  long,  with 
many  comb-like  teeth ;  muscular  impressions  nearly  equal ; 
mantle-lobes  separated  ;  foot  large,  bent,  and  deeply  grooved. 
This  large  and  important  family  ha-t  existed  under  many 
and  varied  types  from  the  Silurian  upwards,  and  we  may 
briefly  consider  some  of  the  leading  genera  under  the  three 
groups  of  the  Arcadm  proper,  the  NucvlidcE,  and  the  jVmcw- 
lanidiB,  sometimes  regarded  as  so  many  distinct  families. 

The  type  of  the  first  of  these  groups  is  constituted  by  the 
Arks  {Area),  which  have  a  straight  hinge-line,  with  remote 
beaks,  separated  from  one  another 
by  an  oval  or  lozenge-shaped  liga- 
mental  area  (fig.  347).  The  teeth 
are  numerous  and  transverse,  and 
the  surface  is  generally  strongly 
ribbed.  Species  of  Area  have  been 
described  from  the  Lower  Silurian 
rocks  upwards.  It  is  probable,  how- 
ever, that  the  older  Falseozoic  forms 
referred  here  really  belong  to  other 
genera,  especially  to  TeHijumim  and 

„      .    ,      .  rig.M7.— .^™(««m«i.  PenalKi. 

Cyrtodonta. 

In  CiunUlwa  the  shell  is  trapezoidal  and  ventricose,  and 
the  hinge-teeth  are  few  and  oblique,  and  at  each  end  of  the 
hinge  become  parallel  with  the  hinge-line.     Species  of  this 
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genu3  have  been  described  from  the  Lower  Silurian  upwards; 
bat  undoubted  forma  do  not  appear  till  we  reach  the  Secon- 
dary period.  Closely  allied  to  this  is  the  genus  Maerodon 
(fig.  348,  E)  of  the  Pevonian,  Carboniferous,  and  subsequent 
deposits,  in  which  the  posterior  teeth  resemble  those  of  CuciU- 
Icea  in  being  parallel  with  the  hinge-line,  while  the  anterior 
teeth  are  oblique. 

The  Pectwneuli  (fig.  348,  c)  have  a  nearly  round  and  equi- 
lateral shell,  the  beaks  separated  by  a  striated  ligamental 
area,  the  hinge-line  curved,  and  the  hinge-teeth  forming  a 
semicircular  row.  Pectunculvs  is  a  comparatively  modem 
genus,  and  does  not  seem  to  have  come  into  existence  before 
Uie  Cretaceous  period.  Numerous  species  are  known  in  the 
Tertiary  rocks. 


rig.  M8.— Tnw  ot  Armia.  L,  Interior  at  Lirmdama  Cindmalitmli,  nhowliig  tb«  hfugs. 
vnlu^ed  Uirfl«  tlmu— Lower  SilurUj]  {oRa  Hbll);  b,  Interior  of  TtUiiiomya  pettMriadtMtt, 
■bowing  the  blnga  ud  uddactar  Hem.  enlufged  twice  — Lowu  BUurian  (nfler  Hall);  c, 
Interl™  ot  tha  right  tslw  of  PKlM-ncvl-at  infcpdtnTM  — Tertlnrj;   D,  Interior  of  vbIvb  of 

JAmopsis,  ranging  from  the  Jurassic  to  the  Eecent  period, 
has  an  orbicular,  but  slightly  oblique  shell  (fig.  348,  d),  with 
a  central  triangular  cartilt^e-pit,  and  a  row  of  transverse  teeth 
on  each  aide.  Isoarca,  of  the  Secondary  rocks,  again,  more 
nearly  resembles  Maerodon,  having  an  elongated  inequilateral 
shell,  with  the  beaks  near  the  anterior  end.     The  beaks,  how- 
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ever,  are  inflated  and  incurved,  the  hmge-Ime  is  curved,  and 
a  row  of  transverse  teeth  exists  on  each  aide.  MytUarca, 
distributed  from  the  Upper  Silurian  to  the  Carboniferous, 
possesses  a  mytiloid  shell,  with  anterior  beaks ;  a  striated 
ligamental  area  being  present,  with  lateral  and  cardinal  teeth 
placed  along  a  curved  hinge-Una  Lyrodesma  (^Actinodonta), 
of  the  Lower  Silurian,  is  an  extremely  well-marked  type, 
with  an  equivalve  oblique  shell,  truncated  behind,  and  with 


Fie- 3t».—CtrtodoMla  Bltidi.    <Bllluigs.)    Lower  SUuriin,    ^  Bide  Tlew ;  b,  Dorul  viaw. 

a  hinge  of  several  transverse  cardinal  teeth  radiating  in  a 
fan-shaped  manner  from  the  beak  (fig.  348,  a). 

The  shells  of  the  genus  CyrtoeUmta  ^  {Palwarca  of  Hall)  are 

*  So  mach  controveray  has  been  carried  on  as  to  the  Paleeozoic  abelU  known 
by  tbe  names  of  Cyrlodonta,  Palaarca,  Megalomut,  Megambania,  and  Cj/pri- 
cardites,  that  it  would  be  impOBsible  to  discnas  here  which  of  the  groups  ao 
named  can  be  &a*ilj  retained.  So  far  m  the  anthor  can  judge,  Cfgriodonta  of 
Billings  hss  prioritj  over  Palemrca  of  Hall,  and  the  latter  mnat  be  abandoned. 
Megakania  may  be  usefullj  retained  m  at  least  ■  mb-genus.  Megambonia,  of 
the  Upper  Silurian  and  Devonian,  has  affinities  with  the  Aviadida,  bnt  may 
be  really  referable  to  C}/rti)dtitUa.  lastly,  CypricaTdUts  appears  to  include  a 
number  of  diverse  types,  and  probably  the  beat  couise  would  be  to  discard 
this  name  altogether. 
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ventricose  and  very  inequilateral,  the  umbones  being  anterior 
(fig.  349).  The  Iiinga-area  is  undefined,  and  the  surface 
generally  smooth.  There  are  a  few  (three)  anterior  cardinal 
teeth,  and  "  two  or  three  remote  oblique  posterior  teeth  par- 
allel to  the  hinge-mai^a"  (Salter).  The  species  of  Cyrto- 
donla  appear  to  he  exclusively  confined  to  the  SiluriaD  and 
Devonian  rocks.  Vanuxemia  comprises  forms  of  the  genus 
with  nearly  terminal  beaks.  In  the  genus  Megalomue,  again 
(fig.  350),  are  comprised  forms  essentially  similar  to  Cyrto- 
donta  (possibly  identical  with  it),  but  having  an  excessively 
thickened  and  massive  shell,  which  is  usually  strongly  in- 
Sated.     The  valves  are  equal ;  the  beaks  strongly  incurved 


and  placed  anteriorly;  the  hinge-line  furnished  with  three 
or  four  (?)  strong  transverse  teeth;  and  the  anterior  muscular 
impression  extremely  deep.  The  forms  of  this  genus  appear 
to  be  confined  to  the  Upper  Silurian,  and  often  attain  a  great 
size,  but  they  usually  occur  in  the  state  of  casts  only. 

Coming  next  to  the  gnjup  of  Arks  included  under  the 
name  of  Niundidw,  we  find  that  Nueida  itself  (fig.  351)  has 
a  trigonal  shell,  the  beaks  of  which  are  reversed,  and  turned 
towards  the  posterior  side  of  the  shell,  which  is  also  the 
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shortest  side.  The  hinge  has  mimerous  teeth  on  each  side  of 
a  central  internal  cartilage-pit.  The  FaliBozoic  shells  referred 
to  Nucvia  probably  belong  to  other  genera.  Many  species, 
however,  are  known  from  the  Secondary  and  Tertiary  rocks. 
Allied  to  Nucula  is  the  characteristic  Silurian  and  Devonian 


Fig.  U1.— Vnnla  bMryala.  Oult.  yllic;  h,  Extcrioi 


genus  Tellinomya  { =  CtenodorUa  of  Salter).  In  this  genua  the 
posterior  side  is  usually,  though  not  always,  the  shortest,  and 
there  is  an  external  ligament  The  hinge  is  furnished  with 
numerous  small  teeth  (see  fig.  348,  b,  and  fig.  352). 

Lastly,  we  have  the  group  of  shells  included  under  the 
head  of  Nucvlanidce,  which  should  probably  form  a  family 


Pig.  BM— Typta  of  Ntavlanida.  a,  Irlertor  of  ralre  of  N-uaiSaita  (£b*i)  fanwoiiai— Plio- 
<HD« ;  B,  CMuUrOa  mntii— Upp«r  SUnhsn ;  c,  Viidia  ttrraniJit— CtbUcssui,  snlused ;  D.  In- 
terior of  left  Yilve  of  VoUlo  mjioJlj— Pliocene. 

by  themselves,  and  which  are  distinguished  from  the  pre- 
ceding groups  by  having  the  shell  more  or  less  produced 
posteriorly,  and  by  the  fact  that  the  pallial  line  is  usually 
more  or  less  sinuated  (fig.  353,  a).     In  Nveuiana,  or  as  it 
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is  more  familiarly  called,  Leda  (fig.  353,  a),  tlie  shell  re- 
sembles that  of  Nvcuia,  bat  is  rounded  in  front  and  pro- 
duced behind,  wMle  the  pallial  line  is  slightly  indented. 
The  hinge  has  numerona  small  teeth  on  either  side  of  a 
small  central  cartil^e-pit  Various  species  of  the  genus 
have  been  described  from  the  Palseozoic  rocks,  and  it  is 
abundantly  represented  in  the  Secondary,  Tertiary,  and 
Post-Tertiary  deposits.  Yoldia  (fig.  353,  c  and  d)  resembles 
the  preceding  in  moat  respects,  but  the  teeth  are  comb-like, 
and  there  is  a  large  pallial  sinus.  The  genus  seems  to  be 
represented  as  early  as  the  Devonian  or  Carboniferous,  but 
can  hardly  be  distinguished  from  NucuUiTia  in  the  fossil  con- 
dition. Lastly,  the  Silurian  and  Devonian  genus  CumUeUa 
(fig.  353,  b)  differs  from  the  preceding,  chiefly  in  the  fact 
that  there  is  a  long  internal  septum  extending  from  below 
the  beak  towards  the  anterior  muscular  impression,  while  the 
pallial  line  is  said  to  be  entire. 

Fam.  5.  Tbigoniad.*. — SheU  equivalve,  trigonal;  hinge- 
teeth  few,  diveiging ;  umbones  directed  posteriorly.  Mantle 
open ;  foot  long  and  bent.  The  most  important  genera  of 
this  family  are  Trigonia,  Myophoria,  and  Schizodua. 

In  Trigonia  (fig.  354)  the  shell  is  trigonal,  with  tubercles, 
radiating  ribs,  or  concentric  ridges.     The  hinge-teeth  are  two 
in  one  valve  and  three 
in  the  other.     The  Trv- 
gonice    are    principally 
k      Mesozoic,  being   abun- 
dant and  characteristic 
fossils    of    the    Seeon- 
Fig.s54.-rriflonto™*ra.  Qudt  ^ary  deposits  from  the 

Lias  to  the  close  of  the 
Cretaceous.  Hardly  any  forms  are  known  to  occur  in  the 
Tertiary  rocks,  but  some  living  species  have  been  detected  in 
the  Australian  seas.  The  Triassie  genus  Myophoria  (fig.  355) 
comprises  sub  -  triangular  shells,  obliquely  keeled,  smooth, 
concentrically  striated,  or  with  a  partial  development  of 
radiating  ribs.  The  left  valve  has  three,  and  the  right  two, 
cardinal  teeth.  Lastly,  Schixodus,  ranging  from  the  Upper 
Silurian  to  the  Permian,  comprises  trigonal  shells  in  many 
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lespects  (dosely  allied  to  the  preceding,  but  having  the  pos- 
terior side  marked  by  an  obscure  oblique  ridge,  and  not  so 
markedly  angular  a^  in  Myophoria. 

We  may  also  provisiontJly  associate  with  the  above  the 
Falseozoic  genera  Curtonotua  of  the  Devonian,  Anodontopsis  of 
the  Silurian,  and  Boldbra 
of  the  Carboniferous,  the 
structural  characters  of 
which  are  still  but  very 
imperfectiy  known. 

Fam.    6.  TJnionid^ — 
Shell    usually    equivalve, 
with  a  laige  external  liga- 
ment.     Anterior    hinge-  pig.sM.-ifTOAoriaiiiimta.  tiim. 
teeth  thick  and  striated ; 

posterior  laminar  or  wanting.  Mantle-lobes  united  between 
the  siphonal  apertures.  Foot  very  lai^e,  compressed,  bys- 
siferous  in  the  fry.  All  the  members  of  the  Unwnida  are 
inhabitants  of  fresh  water,  and  they  are  therefore  not  known 
as  fossils  except  in  fluviatile  and  lacustrine  deposits.  The 
principal  fossil  genera  of  the  family  are  Unio,  Anodon,  An- 
thracosia,  and  Oarbonicola. 

In  the  genus  Uhio  (fig.  356)  the  shell  is  oval  or  elongated, 
somewhat  resembling  that  of  a  mussel  (hence  the  name  of 
Biver  -  mussels  commonly 
given  to  the  Vhios).  The 
species  of  this  genus  ap- 
pear to  commence  in  the 
Lower  Cretaceous  rocks, 
and  they  are  very  abun- 
dant at  the  present  day. 
The  beaks  of  fossil  speci- 
mens are  often  deeply 
eroded,    as   are   those   of 

Uving  forms.  ng  m-Pni^Fow™^  w^d™(L»w^ 

The  genus  Anodon   or  CretMsnu). 

Anodonta  (Swan -mussels) 

closely  resembles  Unio,  but  the  shell  is  edentulous.  The 
earliest  undoubted  fossil  forms  occur  in  the  Lower  Tertiaries 


.obyGooglc 


492  LAHELUB&ANCBIATA. 

(Eocene).     Some  forma  as  old  as  the  Upper  DeTonian  have, 
however,  been  referred  to  this  genns. 

Carbffnicola,  of  the  Devonian  and  Carboniferons,  comprises 
TTnioQoid  Bivalves,  vith  thick  shells,  an  external  ligament, 
and  a  concentricallj-striated  surface.  The  beahs  are  not 
eroded ;  and  the  hinge  has  a  thick  cardinal  tooth  in  the 
right  valve,  with  a  long  lamellar  lateral  tooth  on  each  side. 
The  Devonian  and  Carboniferous  genus  ArUhraama  is  allied 
to  the  preceding,  but  there  is  a  single  cardinal  tooth  in  eacb 
valve,  and  lateral  teeth  are  wanting. 

SeCTIOS    B. — SiPHOSIDA. 

Suhdiviaion  I.  IiUegropallialia. — Siphons  short,  pallial  line 
simple. 

Fam.  7.  Chamid-b. — Shell  ineqnivalve,  attached.  Hinge- 
teeth  2-1  (two  in  one  valve  and  one  in  the  other).  Impres- 
sions of  the  adductors  large.  Mantle  closed ;  pedal  and 
siphonal  orifices  small  and  nearly  equal.  Foot  very  small. 
The  most  important  fossil  forms  of  tliia  family  belong  (if  we 
exclude  Caprina  and  its  allies)  to  the  genera  Chama,  Diccras, 
and  Eequienia. 

In  the   genus   Chama   (fig.    357)   the  shell   is   attached 
usually  by  the  beak  of  the  left  valve,  but  sometimes  by 
that  of  the  right.      The  upper  valve 
is  the  smallest,  and  both  bear  folia- 
ceous    expansions.       The    free    valve 
carries    one    tooth    which    articulates 
with  two  teeth  in  the  attached  valve. 
The  Chavias  do  not  appear  as  fossils 
till  we  reach  the  Cretaceous  rocks,  and 
they  have  continued  to  exist  up  to  the 
present  day. 
Fig.  »57.-inierior  of  ihe        1°    ^^   remarkable    genus  Diceras 
«iu«b.d  «ive  otch^--  la.    /fi„    358),  the  shell  is  "  sub-equivalve, 
attached  by  either  umbo ;  beaks  very 
prominent,  spiral,  furrowed  externally  by  ligamental  grooves  ; 
hinge  very  thick,  teeth   2-1,  prominent;  muscular  impres- 
sions bounded  by  long  spiral  ridges,  sometimes  obsolete" 
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(Woodward).  The  speciea  of  Biceras  are  exclusively  con- 
fined to  the  Middle  Oolites.  In  this  formation  in  the  Alps 
they  occnr  in  such  abundance 
as  to  give  rise  to  the  name  of 
"  Calcaire  k  Dicerates,"  applied 
to  beds  of  the  same  age  as  the 
Coral  K^  of  Britain. 

The  genua  Bequienia  is  ex- 
clusively confined  to  the  Cre- 
taceous period,  and  difTers  from 
Diceras  chiefly  in  having  a  very 
inequivalve  shell,  always  at- 
tached by  its  left  valve.  The 
attached  valve  is  the  largest,  and  is  spiral,  whilst  the  free 
valve  is  small  and  sub-spiraL 

Fam.  8.  Hjppuritid-«  {Radistes  of  Lamarck). — "  Shell  in- 
equivalve, unsymmetrical,  thick,  attached  by  the  rigM  umbo; 
umbones  frequently  camerated ;  structure  and  sculpturing  of 
the  valveB  diBsimilar;  ligament  internal;  hinge-teeth  1-2; 
adductor  impressions  two,  large,  those  of  the  left  valve  on  ' 
prominent  apophyses ;  pallial  line  simple,  sub-marginal." — 
(Woodward.) 

The  SippuritidoB  are  not  only  entirely  extinct,  but  are 
exclusively  confined  to  the  Cretaceous  rocks,  whence  more 
than  one  hundred  species  have  been  described.  All  the 
members  of  this  family  were  attached,  and  lived  in  beds  like 
oj^ters.  The  two  valves  of  the  shell  are  always  altogether 
unlike  in  sculpturing,  appearance,  shape,  and  size ;  and  the 
cast  of  the  interior  of  the  shell  is  often  extremely  different 
to  the  form  of  the  shell  itself.  About  a  hundred  species  of 
the  family  are  known,  all  of  which  are  Cretaceous,  occurring 
in  Britain,  Southern  Europe,  the  West  Indies,  North  America, 
Algeria,  and  Egypt  Species  of  this  family  occur  in  such 
numbers  in  certain  compact  marbles  in  the  South  of  Europe, 
of  the  age  of  the  Lower  Chalk,  as  to  have  given  origin  to 
the  name  of  "  Hippurite  Limestones  "  applied  to  these  strata. 

The  HippurUida  have  been  especially  studied  by  Dr  S. 
P.  Woodward,  who  makes  the  followii^  remarks  npon  their 
structure  and  affinities :  "  They  are  the  most  problematical 
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of  all  fosails ;  there  are  no  recent  sheila  which  can  be  sup- 
posed to  belong  to  the  same  family;  and  the  condition  in 
which  they  usually  occur  has  iavolred  them  in  greater  ob- 
scurity. The  characters  which  determine  their  position 
amongst  the  ordinary  Bivalves  are  the  following : — 
"  1,  The  shell  is  composed  of  two  distinct  layers. 
"  2.  They  are  essentially  unaymmetrical  and  right-and- 
left  valved. 

"  3.  The  sculpturing  of  the  valves  is  dissimilar. 
"  4,  There  is  evidence  of  a  large  internal  ligament. 
"  5.  The  hinge-teeth  are  developed  from  the  free  valve. 
"  6.  The  muscular  impressions  are  two  only. 
"  V.  There  is  a  distinct  pallial  line. 
"  The  outer  layer  of  shell  in  the  Hippurite  and  Radiolite 
consists  of  prismatic  cellular  structure ;  the  prisma  are  per- 
pendicular to  the  shell-lamiDEe,  and 
subdivided  often  minutely.      The 
cells  appear  to  have  been  empty, 
like  those  of  Oatrea.      The  inner 
layer  which  forms  the  hinge  and 
lines  the  umbones,  is  sub-nacreous, 
and  very  rarely  preserved.     .     .    . 
The  inner  shell-layer  is  seldom 
compact,  its  lamins  are  extremely 
thin,  and   separated   by  intervals 
like  the  water-chambers  of  Spon- 
dylus.  .     The  chief  pecu- 

liarity of  the  HippitrUidm  is  the 
dissimilarity  in  the  structure  of 
the  valves,  but  even  this  is  de- 
prived of  much  s^nificauce  by  its 
inconstancy.       The   free  valve  of 
Hippwrites  is  perforated  by  radiat- 
ing canals,  which  open  round  its 
inner    margin,    and    communicate 
with  the  upper  surface  by  nume- 
rous pores,  as  if  to  supply  the  interior  with  filtered  water. 
.     .     In  the  closely  allied  genus  Radiolites  there  is  no 
trace  of  such  canals,  nor  in  Caprotina." 
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The  shell  of  Hippurites  (fig,  359)  is  inveraely  conical  or 
cylindrical,  and  BometimeB  attains  a  length  of  a  foot  or 
more.  The  shell  is  attached  by  the  larger  conical  valve, 
and  ia  closed  by  a  small  depressed  free  valve,  with  a  central 
umbo.  In  Badwliies  the  shell  is  inversely  conical,  bi-conical, 
or  cylindrical,  with  dissimilar  valves.  The  upper  valve  is 
sometimes  flat,  sometimes  conical,  and  has  a  central  umbo. 
In  Caprina  (often  placed  among  the  Chamidce)  the  valves 
of  the  shell  (fig.  360)  are  diBsimilar,  the  fixed  valve  being 
conical,  whilst  the  free  valve  is  oblique,  or  is  spirally  rolled. 


Fig.  B«0.— Cajtrtno  AgnUUml.    The  ri^t-lmid  figure  ehovi  the  iDtarim  of  the  left  VBlTe. 

The  free  valve  is  thick,  and  is  "  perforated  by  one  or  more 
rows  of  flattened  canals,  radiating  from  the  umbo,  and  open- 
ing aU  round  the  margin ''  (Woodward),  The  cavity  of  the 
free  valve  ia  sometimes  chambered.  Other  genera  allied  to 
Caprina  are  Caprinella,  Caprinvla,  and  Caprotina. 

Fam,  9-  Tridacnid^ — Shell  equivalve ;  ligament  external; 
muscular  impressions  blended,  snb-centraL  Animal  attached 
by  a  byssns,  or  free.  Mantle-lobes  extensively  imited ;  pedal 
aperture  typically  large;  siphonal  oriflces  surrounded  by  a 
thickened  pallial  border.  Foot  finger-like  and  byssiferous. 
The  shell  is  truncated  in  front,  the  surface  ribbed,  and  the 
margins  toothed.  In  Tridacna  (fig.  361)  itself  the  opening 
for  the  foot  ("  byssal  ainus  ")  is  large,  and  placed  jiist  in  front 
of  the  beaks ;  whereas  in  the  closely  allied  Hippopas  the 
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shell  is  closed,  and  the  pedal  aperture  is  only  indicated  by 
small  serrations  of  the  mat^^  of  the  valves.  Tridacna  is 
only  known  in  a  fossil  condition  by  a  few  species  from  the 


Fig.  Ml.— rrldlHna  nedlo.    lertlu;.    InUrlor  of  rigbt  valve 

later  Tertiaries.     The  PalEeozoic  Eurydesma  has  also  been 
referred  to  this  family. 

Fam.  10.  CardiaDjE. — Shell  equivalve,  heart-shaped,  with, 
radiating  ribs;  cardinal  teeth  2;  lateral  teeth  1-1  in  each 
valve,  the  former  crossing  each  other  when  the  shell  is 
closed.  Mantle  open  in  front ;  ligament  external ;  siphons 
usually  very  short;  foot  large  and  sickle-shaped.  The 
two  principal  genera  of  this  family  are  Cardium  and 
CoTwcardium. 

In  Cardium  are  comprised  the  true  Cockles,  in  which  the 
shell  is  ventricose,  the  beaks  pronounced,  and  placed  nearly 
in  the  centre  of  the  dor- 
sal margin,  the  margins 
crenated,  and  the  pallial 
line    more    or  less  in- 
dented.    It  is  doubtful 
if  any  true  Cardium  has 
been    detected    in    the 
older    PalfBozoic    rocks. 
With  the  Carboniferous, 
however,   the  genus  be- 
gins to  be  represented,  and  it  has  continued  up  to  the  present 
day,  attaining  its  maximum  in   existing  seas.     Papyridea, 
Lavimrdium,   and  Lithocardiv/m    are    Secondary   to   Becent 
types  closely  allied  to  Cardium  proper.     Protocardivm  (fig. 
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362)  has  the  posterior  slope  of  the  shell  radiately  ribbed, 
while  the  rest  of  the  shell  is  concentrically  striated.  Hemi- 
eardium  has  keeled  valves,  the  shell  appearing  cordate  as 
viewed  from  behind  or  in  front,  I/unulicardiwm,  comprises 
a  number  of  Devonian  Cockles,  in  which  there  is  a  deep 
excavated  "lunule"  beneath  the  beaks.  Lymnocardium 
and  Adacna  include  brackish-water  and  fresh-water  Cockles, 
in  which  the  cardinal  teeth  are  small  or  obsolete ;  and  the 
species  of  the  former  are  common  in  some  of  the  -fluviatile 
and  estuarine  deposits  of  the  Upper  Tertiary  period. 

Lastly,  we  must  place  here  tiie  eztraordinary  genus  Coao- 
cardium  (  =  Pleurorhifnekus),  which  ranges  from  the  Silurian 
to  the  Carboniferous.     The  shell  in  this  type  (fig.  363)  is 
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keeled,  and  very  oblique,  the  aniernor  end  of  the  shell  being 
short  and  abruptly  truncated,  so  aa  to  appear  as  a  cordate 
flattened  area  when  the  shell  is  viewed  from  the  front. 
Just  below  the  beaks  the  shell  is  produced  anteriorly  into  a 
VOL.  I.  2  I 
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long  cylindrical  tubular  projection  or  beak.  Poeteriorly  the 
shell  is  elongated  and  contracted,  the  valves  being  widely 
deficient  or  gaping  at  the  extremity.  The  hinge-line  is  long 
and  straight ;  and  two  cardinal  teeth,  with  a  hinder  lateral 
one,  appear  to  be  present  (It  should  be  mentioned  that 
this  description  is  sometimes  reversed,  the  truncated  side 
being  regarded  as  posterior.) 

Fam.  11.  LcciNlD-B. — Shell  orbicular,  free;  cardinal  teeth 
1  or  2 ;  lateral  teeth  1-1,  or  obsolete.  Mantle-lobes  open 
below,  with  one  or  two  siphonal  orifices  behind ;  foot  elon- 
gated, cylindrical,  or  strap-shaped.  Taken  as  a  whole,  the 
family  is  principally  Secondary,  Tertiary,  and  Kecent,  ite 
Palaeozoic  representatives  being  mostly  imperfectly  under- 
stood, and  referred  here  with  doubt,  la  Luciiia  itself,  the 
type  of  the  family  (fig.  364,  c),  the  shell  is  rounded,  with  a 


lunule  beneath  the  beak  ;  the  ligament  is  in  a  deep  groove, 
nearly  internal ;  and  the  teeth  have  the  typical  arrangement 
of  the  entire  group,  though  some  are  occasionally  obsolete. 
Little  can  be  said  with  certainty  as  to  the  Palseozoic  shells 
usually  referred  to  Lucina,  but  the  genus  is  abundantly  rep- 
resented in  Secondary  and  Tertiary  deposits.  Corhis  (fig. 
364,  a),  with  many  species  from  the  Jurassic  onwards,  is 
very  like  LuciTia,  but  has  the  surface  concentrically  fur- 
rowed, with  denticulate  edges.  Diplodonia  (Cretaceous  to 
Eecent)  has  two  cardinal  teeth  in  each  valve,  the  anterior 
in  the  right  and  the  posterior  in  the  left  being  bifid.     Kellia, 
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with  numerous  Tertiary  species,  has  two  cardinal  teeth  and 
an  internal  ligament.  Lastly,  the  genera  MoniaciUa,  Lepton, 
and  Galeomma,  are  all  represented  by  fossil  forms  in  the 
Pliocene  Tertiary,  It  is  probable  that  the  genus  Axinvs 
(not  the  same  as  Sckixodvs),  with  various  Tertiary  species, 
should  be  referred  here ;  and  we  may  perhaps  provisionally 
include  in  this  family  the  singular  genus  Solemya,  though  its 
shell  ia  elongated  and  cylindrical,  gaping  at  both  ends,  and 
its  hinge  is  edentulous.  This  genus  has  been  variously 
placed,  and  is  sometimes  r^arded  as  the  type  of  a  distinct 
family  (Stoliczka).  It  begins  as  early  as  the  Devonian,  has 
several  Carboniferous  forms,  and  is  represented  by  a  few 
species  at  the  present  day. 

Fam,  12.  CrcLADlD-E. — Shell  sub-orbicular,  closed;  hinge 
with  cardinal  and  lateral  teeth ;  ligament  extemaL  Mantle 
open  in  front ;  a  single  siphon,  or  two  more  or  less  united. 
Foot  lai^e,  tongne-shaped.  The  genera  Cyclaa  and  Cyrma 
are  the  two  most  important  members  of  this  family,  and 
both  are  inhabitants  of  fresh  water ;  though  the  latter  not 
uncommonly  frequents  brackish  water,  and  one  species  of 
the  former  has  been  described  as  marina 

In  the  Cydadea  the  shell  is  thin,  and  there  are  two  hinge- 
teeth  in  one  valve  and  one  in  the  other.  In  Cyclas  itself 
the  shell  is  nearly  equi- 
lateral, but  in  the  sub- 
genus Pisidium  it  is  in- 
equilateral, with  the  an- 
terior side  the  longest 
In  CyreTia  (fig.  365)  the 

shell  is    thick,    and    there  rig.iii.-CynnaanU-pn    Eocene. 

are  three  hinge-teeth  in 

each  valve.  Both  Cyclas  and  Cyrma  seem  to  have  come 
into  existence  at  the  commencement  of  the  Cretaceous  period 
(Wealden),  and  they  are  abundantly  distributed  throi^h  the 
Tertiary  rocks. 

Fam.  13,  Ctpbinid-b. — Shell  equivalve,  closed;  ligament 
external;  cardinal  teeth  1-3  in  each  valve,  and  usually  a 
posterior  tooth.  Mantle-lobes  united  behind  by  a  curtain 
pierced  with  two  siphonal  orifices.     Foot  thick  and  tongue- 
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shaped.  Taken  as  a  whole,  the  CyprinicUs  have  passed  their 
acme,  and  have  begun  to  decUne  in  numbers  and  import- 
ance. The  family  is  one  of  great  palieontological  interest, 
but  only  the  more  important  forms  belonging  to  it  can  be 
here  considered. 

The  CyprinidtB  fall  naturally  into  two  great  groups,  the 
one  represented  by  Cyprina  and  the  other  by  Astarte,  the 
latter  being  eometimes  raised  to  the  rank  of  a  distinct  family 
{AstartidcB.)  In  Ojfprina  (hg.  366,  A  and  B)  the  shell  is  large, 
strong,  and  rounded,  with  a  thick  epidermis,  a  strong  ligament, 
and  two  cardinal  teeth  in  each  valve,  flanked  by  a  single 
lateral  tooth.  Numerous  fossil  species  are  known,  commencing 
in  the  Trias.  Cypricardia  (or  Trapezium)  has  a  trapezoidal 
shell,  usually  radiately  striated,  the  hii^  with  three  radiat- 
ing cardinal  teeth.  The  true  Cypricardice  are  probably  Secon- 
dary and  Tertiary,  several  recent  species  being  also  known. 
We  may,  however,  place  in  its  vicinity  the  Cypricardella  of 
the  Carboniferous,  the  Oypricardinia  of  the  Silurian,  Devo- 
nian, and  Carboniferous,  and  the  Goniop?iora  of  the  two  first 


Fig.  »fl6.— TnioB  of  Cvprlnl^.  a,  Hinge  of  QinrtM  fumldo— Fliocsua ;  B,  Hinga  of  Cfprina 
Sauimrt— CreUceom;  c,  latetioi  ol  Ailarle  it^rila—JanMc;  i>,  lotaiai  ol  Iioaitd,ia  enan 
— PUogene,    (Afler  Plrtiit ) 

of  these  formations.  Lastly,  Isocardia  (fig.  366,  d),  including 
the  recent  "  Heart-cockles,"  has  a  heart-shaped  and  inflated 
shell,  and  the  beaks  remote  and  sub-spiial.  The  laocardiae  do 
not  appear  to  have  existed  in  the  Palaeozoic  period,  but  com- 
mence in  the  Trias,  are  tolerably  abundant  in  the  Oolites 
and  Cretaceous  rocks,  decline  in  numbers  in  the  Tertiaries, 
and  are  represented  by  a  few  forms  in  existing  seas. 
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In  Astarte  (fig,  366,  c),  the  type  of  the  second  great  group 
of  the  Cyprinidee,  the  shell  is  t\ack  and  usually  concentri- 
cally furrowed,  with  a  well-marked  "  lunula,"  and  two  car- 
dinal teeth  in  each  valve,  the  front  tooth  of  the  right  valve 
being  large  and  thick.  A  very  great  number  of  fossil 
species  are  known,  but  the  genus  appears  to  be  wholly 
Secondary,  Tertiary,  and  Becent.  In  the  neighbourhood  of 
AslaHe,  however,  we  may  place  the  Carboniferous  genus 
AslaHella. 

Crassaidla  (fig.  367)  comprises  thick,  solid,  ventricose 
shells,  attenuated  posteriorly,  and  generally  having  a  con- 


centrically-furrowed surface.  Unlike  the  preceding  genus, 
Crassatella  has  the  ligament  internal.  There  is  a  distinct 
"  lunule,"  and  the  cardinal  teeth  are  two  in  one  valve 
and  one  in  the  other.  The  genus  commences  in  the  Cre- 
taceous rocks,  is  abundant  in  the  Tertiaries,  and  is  well 
represented  at  the  present  day. 

Packyrisma  is  an  extinct  genus,  in  which  the  shell  is  also 
very  thick  and  ponderous  in  its  structure.  It  has  large  sub- 
spiral  umbones,  and  is  peculiar  to  the  Great  Oolite. 
'  Megalodan  (fig.  368,  A)  is  likewise  extinct,  and  includes 
massive  shells,  with  sub-spiral  beaks  and  an  external  liga- 
ment. The  genus  is  doubtfully  represented  in  the  Silurian 
and  Carboniferous  rocks,  and  is  characteristically  Devonian. 

The  Secondary  genua  Opis  (fig.  368,  b)  has  a  heart-shaped 
and  keeled  shell,  with  prominent  incurved  beaks,  a  distinct 
lunule,  and  a  single  cardinal  tooth  in  each  valve.  Still 
another  extinct  genus  ia  Cardinia  (fig.  368,  c),  in  which 
the   shell   is   trigonal  or  ovate,   posteriorly  attenuated,  not 
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ventricose ;    an   external  ligament  ia   present ;    there   is   a 
single  cardinal  tooth  in  the  right  valve,  and  two   small 


Fig.  306.^Typea  of  Cvprinidte.  a,  iDterior  of  left  VAlvfi  of  iiigaiodon  airuSotta,  thowLng 
the  adductor  soan — Devopbn  ;  £.  Interior  of  right  viJvfl  of  Opit  lunviaia — Junaalc ;  c,  In- 
tartor  of  right  valve  of  Cardlsia  Uiierf— Jumaiio ;  D,  Interior  of  Isfl  vslve  of  Ptairopltam 
awlaliu—l^nnisn;  s.CMt  of  the  interior  of  CWiippiorMpianBiUiu—Silurtan.  t*fWrWood. 
ward.  Ring,  and  Ji'Coj.t 

teeth  in  the  left,  with  a  single  remote  lateral  tooth  in  each 
valve.  The  genua  is  doubtfully  Silurian,  but  is  represeuted 
in  all  the  later  Falieozoic  deposits,  as  well  as  in  the  Triassic 
and  Jurassic  rocks. 

Another  small  group  of  Cyprinidce,  allied  to  the  precedii^, 
is  represented  by  Cardita  (fig.  3G9),  including  cockle-shaped 
shells,  which  have  radiating  ribs,  an  external  ligament,  and 
a  toothed  mai^n.     The  genus  commences  in  the  Trias,  but 


ng.  IMS.— QtRlUapl'inlnifla.    Booene  Tertlu7. 

attains  its  maximum  in  the  Tertiary  period,  about  a  hundred 
species  having  been  enumerated  from  rocks  of -this  age. 

We  may,  finally,  just  mention  here  two  or  three  Palaeo- 
zoic genera,  which  would  seem  to  be  referable  to  this  family. 
The  first  of  these  ia  the  Lower  Silurian  Maiheria,  which  has 
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an  external  ligament,  and  has  the  beaks  placed  antenorly. 
A  secoad  is  the  Penuiaii  Pleurophorvs  (fig.  368,  d),  in  which 
the  shell  is  oblong,  with  anterior  beaks,  two  cardinal  teeth 
in  each  valve,  and  a  single  elongated  lateral  tooth  placed 
posteriorly,  the  anterior  adductor  impression  being  very 
deep.  The  third  is  the  characteristically  Silurian  genus 
Cleidophorm,  which  has  usually  been  regarded  as  identical 
with  the  preceding,  though  apparently  upon  insufficient 
grounds.  The  moat  peculiar  feature  in  this  genus  is  a 
vertical  internal  ridge,  which  commences  in  front  of  the 
beaks,  and  is  continued  downwards  behind  the  anterior 
adductor,  and  which  leaves  a  deep  slit  in  the  cast  of  the 
sheU  (fig.  368,  e). 

Subdivwwn  II.  Sinupallialia. — £espiratory  siphons  largo ; 
pallial  line  indented. 

Fam.  14.  Veneeid.^ — Shell  regular,  sub-orbicular  or  ob- 
long ;  ligament  external ;  hinge  with  usually  three  diverging 
teeth  in  each  valve.     Animal  usually  &ee  and  locomotive ; 


ng-  9T(L— Lsft  tiUt«  or  QrfkR«t  dim  (trier  WoodiraTd).  i.  Anterior  mu^;  i 
tenor  nmiBin ;  c.  Vraln]  mugln  or  bus.  «,  Cmbo ;  k,  Ugungnt ;  1,  LoDDle ;  c,  Cl 
tooth;  I,  I,  lateral  leeth  :  a.  Anterior  sddactor;  v,  Pogtsrlor uldnEtor ;  p,  Pallkl  It 


mantle  with  a  rather  large  anterior  opening ;  siphons  un- 
equal, more  or  less  united.  Foot  tongue-shaped,  compressed, 
sometimes  grooved  and  byssiferous.  The  Vmeridce  axe  the 
most  highly  organised  of  the  Bivalves,  and  comprise  some 
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of  the  most  beautifiil  examplea  of  the  class.  They  commence 
in  the  Oolitic  rocka,  are  abundant  in  the  Tertiaries,  and  have 
attained  their  maximum  at  the  present  day. 

The  VeaeridcB  hare  been  divided  into  a  number  of  closely 
allied  genera  and  sub-genera,  which,  for  the  most  part, 
are  distinguishable  only  by  minute  characters.  The  most 
important  fossil  forms  belong  to  the  related  types  Veaut  and 
Cytherea,  which  b^in  in  the  Jurassic,  are  more  abundant 
in  the  Cretaceous,  and  undergo  a  great  development  in 
the  Tertiary  rocks.  AiUmis  {Dosima)  has  an  orbicular, 
compressed,  and  concentrically-striated  shell,  with  a  deep 
"  lunule,"  and  appears  to  be  first  clearly  represented  in  the 
Cretaceous.  Tapes,  with  various  Tertiary  species,  has  an 
oblong  shell,  with  anterior  beaks.  Vmerupit,  also  commenc- 
ing in  the  Tertiary,  is  readily  rec(^nised  by  the  feet  that 
the  shell  ia  radiately  ribbed,  and  at  the  same  time  furnished 
with  concentric  ri^es,  its  general  shape  being  oblong.  Lastly, 
Petricda,  ranging  from  the  Cretoceotis  to  the  present  day, 
has  a  thin  shdl,  oval  and  oblique  in  shape,  and  more  or  less 
ventricoae, 

Fam,  15.  Mactrid^ — Shell  equivalve,  trigonal;  hinge 
with  two  diverging  cardinal  teeth,  and  usually  with  anterior 
and  posterior  lateral  teeth.  Ligament  typically  internal,  and 
contained  in  a  deep  triangular  pit.  Mantle  more  or  leas  open 
in  front ;  siphons  imited,  with  fringed  orifices ;  foot  com- 
pressed. The  only  two  genera  of  any  importance  as  fossils 
are  Mactra  and  Zutraria,  both  of  which  live  buried  in  sand  or 
mud.  The  Mactra  (fig.  371)  have  a  nearly  equilateral  shell, 
with  a  short  pallial  sinus,  and  an  internal  ligament  contained 
in  a  triangular  pit.  They  appear  to  have  commenced  in  the 
Cretaceous,  and  have  attained  their  maximum  at  the  present 
day.  In  I^traria  the  shell  is  oblong  and  gaping  at  both 
ends,  the  pallial  sinus  is  deep,  and  the  internal  ligament  is 
supported  by  a  prominent  cartilage-plate.  The  genus  is  not 
certainly  known  in  Tocks  earlier  than  the  Cretaceous. 

ChuUhodon,  ranging  from  the  Cretaceous  to  the  present  day, 
has  a  thick  ventricoae  shell,  the  beaks  of  which  are  often 
eroded ;  the  lateral  teeth  are  doubled  in  the  right  valve,  and 
are  transversely  striated. 
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Fau.  16.  Telunid^ — Shell  free,  asually  equiTalve  and 
closed  J  cardinal  teeth  two  at  moat,  laterals  1-1,  sometimes 


Fig.  tn.—A,  HlDge  of  M 
Eoteno ;  c,  Interior  of  right  vein  of 
CuUfUui  polUo— RKent. 

wanting.  Ligament  on  the  shortest  side  of  the  shell,  some- 
times internal  Mantle  widely  open  in  front.  Siphons  long 
and  slender ;  foot  tongue-shaped,  compressed.  FaUial  sinus 
very  large.  The  chief  fossil  genera  are  Tellijui,  PsammtHna, 
and  Ihnax.  In  Tdlina 
the  shell  is  very  slightly 
inequivalve  (fig.  372)  with 
a  prominent  external  liga- 
ment. More  than  a  hun- 
dred fossil  species  are 
known,  dating  from  the 
Oolitic  period ;  but  the 
genus  has  attained  its  maximiun  at  the  present  day.  In 
P&aviTndbia  (lig.  371,  c)  the  shell  is  ohiong,  compressed,  and 
slightly  gaping  at  both  ends;  whilst  in  Sonax  (fig.  371,  b) 
the  shell  is  wedge-shaped,  the  front  rounded  and  produced, 
the  posterior  side  short.  Both  genera  commence  in  the 
Eocene  Tertiary,  and  are  represented  by  numerous  species  at 
the  present  day. 

Among  the  remaining  types  of  the  TeUinidea,  the  genera 
Sowerbyia  asd  Qaenetedtia  are  Jurassic,  and  we  may  perhaps 
place  here  the  Tancredia  of  the  same  fonoation,  which  much 
resembles  Ikmax  in  general  form,  but  is  said  to  possess  an 
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entire  pallial  line.  Sanffuinolaria,  Semele,  and  StrnMcvlaHa 
are  represented  both  in  the  Tertiaiy  rocks  and  in  oi4r  own 
seaa  ;  while  Capsvla  and  Mesodetma,  with  living  forms,  appear 
as  eajly  as  the  Secondary  period. 

Fah.  17.  SoLENiD^ — ^hell  elongated,  gaping  at  both  ends; 
ligament  external ;  hinge-teeth  usually  2-3.  Siphons  short 
and  united  (in  the  long-shelled  genera),  or  longer  and  partly 
separate  (in  the  genera  with  shorter  shells).  Foot  very  large 
and  powerful.  Gills  prolonged  into  the  branchial  siphon. 
This  family  is  of  small  geological  importance.  In  the  true 
Kazoi-shells  (Solen)  the  shell  is  greatly  elongated,  with  ter- 
minal beaks,  and  gaping  at  both  ends.  The  genus  ia  said  to 
occur  in  the  Carboniferous,  but  well-marked  types  do  not 
appear  till  the  Tertiary  rocks  are  reached.  Sdejiapsis,  of  the 
Carboniferous  locks,  is  believed  to  be  allied  to  Solen,  from 
which  it  differs  in  its  prominent  beaks  and  closed  anterior 
end,  but  its  true  affinities  are  not  certain.  ,  Cvltdlus  (fig. 
371,  d)  has  a  shorter  shell  than  Solen,  which  gapes  at  both 
ends  and  has  the  beaks  placed  a  little  in  front  of  the  centre, 
and  supported  by  an  oblique  rib.  It  commences  in  the 
Cretaceous,  as  does  the  genus  Solecurtv3,  in  which  the  beaks 
are  also  sub-central. 

Fau.  18.  MYAcm^ — Shell  gaping  posteriorly.  Mantle 
almost  entirely  closed  j  siphons  united,  partly  or  wholly  re- 


— Portion  of  the  hfigc 


tractile.     Foot  very  small.     The  more  important  genera  of 

this  family  are  Mya,  Corbula,  Tketis,  Panopcea  and  Saxicava. 

In  the  Gapers  {Afya)  the  shell  is  oblong,  inequivalve,  and 

gaping  at  both  ends.     The  left  valve  is  the  smallest,  and 


..by-Googlc 


SIPHONIDA.  507 

it  carries  an  intei-iial  ligament  aupported  upOD  a  prominent 
cartilage -process  (figs.  373,  374).  The  Myaa  live  buried 
vertically  in  aand  or  mud.  They  are  not  known  to  have 
existed  before  the  period  of  the  Middle  Tertiary  (Miocene), 
and  almost  all  the  fossil  species  are  in  existence  at  the 
present  day. 

In  Corbida  (fig,  376)  the  shell  is  inequivalve,  the  left 
valve  the  smallest,  and  with  a  prominent  cartilage-process ; 
but  the  shell  is  gibbous,  and  does  not  gape  at  its  ends,  whilst 
the  pallial  sinus  is  small.  Numerous  fossil  species  are  known, 
commencing  in  the  Lower  Oolites. 


N&xra,  commencing  in  the  Jurassic  period,  is  allied  bo 
Corhula,  but  the  shell  is  nearly  equivalve,  the  right  valve 
being  slightly  the  smallest,  and  the  shell  is  produced  and 
open  posteriorly. 

The  genus  Thdi3  is  a  small  one,  including  thin,  trans- 
lucent, sub-orbicular  shells,  with  an  external  ligament.  A 
few  species  of  the  genus  are  known,  commencing  with  the 
Lower  Cretaceous  rocks.  Poromya,  of  the  Eocene,  appears  to 
be  related  to  Thetis. 

Pajiopiea  resembles  Mya  in  having  a  thick  oblong  shell, 
gaping  at  each  end ;  but  the  shell  is  equivalve,  and  the  liga- 
ment is  external  Very  numerous  fossil  species  of  this  genus 
are  known,  commencing  in  the  Lower  Oolites.  GlycimerU, 
with  Tertiary  and  Recent  species,  is  nearly  allied  to  FaTwpaa, 
the  only  living  forms  being  characteristic  of  the  Arctic  seas. 

Saxicava,  as  its  name  implies,  includes  shells  which  fonn 
burrows  in  rocks.  The  adult  shell  (fig.  375)  is  edentulous, 
equivalve,  and  oblong,  gaping  at  the  ends,  and  furnished  witli 
an  external  ligament  The  genus  seems  to  commence  in  the 
Eocene  Tertiary,  and  has  continued  to  the  present  day. 
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Fam,  19.   Anatinid^ — Shell  often  inequivalve,  with  an 
external  ligament.    Mantle-lobes  more  or  less  united.    Siphons 
long,  more    or   leas   united.       Foot 
small    The  family  of  the  Anaiinida; 
has  considerable  pabeontological  im- 
portance, having  a  great  development 
in  Secondary  times,  and  appearing 
to  he  also  represented  by  numerous 
types  in  the  Palaeozoic  formations, 
though  the  true  systematic  position 
of  some  of  the  old  forms  referred 
here  Inust  be  regarded  as  uncertain. 
Of  the  more  aucieot  types  of  the 
family,   the   genns   Myacites    has   a 
gaping   vcutricose   shell,    vith    the 
umbones  directed  anteriorly,  and  the 
ligament  external.     The  species  aie 
known  in  the  Palaeozoic  period,  commencing  in  the  Silurian ; 
and  they  are  represented  in  the  earlier  portion  of  the  Secon- 
dary period ;  but  they  seem  to  have  died  out  in  the  Chalk. 


Fig.  aia— PiUieoioic  Anitinlda.    a.  Right  lAix  of  Polnsntimi  Irpa,  showing  the  gnp*riot 
■tie  of  Uie  left  beak— DevonUin  (urier  Hall);  b,  GirnKnyila  dnjniiaCa—Upper  BUnriui :  r, 
..1ll<>ivina(GilMUHi<lla)niJaUa— Cubonir«rauB(irterPtiillip>);  d.  Lcpladoiiiiu  (ninailiu— Cpuer 
'     SlluriuKunerH'Coy). 

Palanatina  (fig.  378,  A)  comprises  certain  Devonian  types, 
in  which  the  left  valve  is  somewhat  larger  than  the  right 
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GraTn/mysia  (fig.  378,  B),  of  the  Upper  Silurian,  has  an  elon- 
gated shell,  resembling  the  preceding  in  general  form,  but 
having  &  single  or  double  fold-  extending  from  the  beaks  to 
the  middle  of  the  ventral  margin.  Leptodomua  (fig.  378,  D) 
and  Sanguinoliies,  both  characteristically  Upper  Silurian,  but 
the  latter  extending  to  the  Carboniferous,  comprise  thin, 
obloDg  or  elongated,  concentrically-striated  shells,  apparently 
referable  to  this  family,  bat  for  the  most  part  very  imper- 
fectly understood.  The  former  is  stated  to  possess  a  well- 
defined  "  lunule  "  beneath  the  beaks.  Allorisma  (fig.  3V8,  c) 
and  £dm(mdia,  characteristic  of  the  Carboniferous  and  Per- 
mian rocks  more  particularly,  though  not  unknown  in  the 
Upper  Silurian  and  Devonian,  likewise  comprise  thin,  equi- 
valve,  concentrically  -  striated  shells,  with  anterior  beaks. 
CardiomorpJta,  ranging  from  the  Silurian  to  the  Carbonif- 
erous, as  its  name  implies,  possesses  a  shell  with  the  general 
form  of  the  Cockles,  but  smooth  or  concentrically-striated, 
the  beaks  being  prominent,  and  the  hinge  edentulous.  I^istly, 
we  may  place  here  the  Carboniferous  genus  AfUhracomya 
(  =  NaiadUes),  in  which  there  is  a  thin  concentrically-striated 
oblong  shell,  with  anterior  beaks,  and  an  external  ligament. 

In  the  Lantem-Bhells  (AntUina)  the  shell  is  oblong,  gaping 
posteriorly,  and  having  the  beaks  directed  towards  the  pos- 
terior side  (fig.  377).  The  hinge  of  each  valve  carries  a 
spoon-shaped  cartil^e-procees.  The  AnalintB  are  doubtfully 
represented  in  the  Devonian,  and  still  more  dubiously  in  the 
Silurian  rocks.  They  occur, 
however,  abundantly  in  the 
Secondary  rocks,  and  are 
present  in  smaller  numbers 

in  Uie  Tartiaries.     Nearly  _  _^ 

related  to  the  preceding  is       tig.  mB.—p)u4ivkmta  aqmmivit.  ouik. 
the  genus  Thracia,  which 

is  first  certainly  known  to  make  its  appearance  in  the 
Jurassic  rocks. 

The  genus  Fholadomya  includes  a  large  number  of  shells, 
which  are  equivalve,  oblong,  and  gaping  posteriorly  (fig.  379). 
The  shell  is  thin,  ventricose,  and  adorned  with  radiating  ribs 
on  the  sides.     The  ligament  is  external,  and  there  is  a  large 
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pallial  sinus.  The  species  of  Pkoladomya  are  very  numerous 
in  the  Secondary  locks,  where  they  attain  their  maximum. 
They  are  much  reduced  in  number  in  the  Tertiaries,  and  are 
barely  represented  at  the  present  day, 

Fam.  20.  GrASiTtocE^NiD^. — Shell  eqnivalve,  gaping,  with 
thin  edentulous  valves,  sometimes  cemented  to  a  calcareous 
tube.  Mantle-margins  thick  in  front,  united,  with  a  small 
pedal  aperture.  Siphons  very  long,  united.  Foot  finger- 
shaped.  The  members  of  the  GadrochcBtiidfE  burrow  in  mud 
or  stone,  and  the  only  two  foseil  genera  are  Ga^roehcena  and 
Glavagella,  the  existence  of  AspergUtwrn.  in  a  fossil  state,  being 
doubtful. 

In  GaMrocheena  the  shell  is  wedge-shaped,  gaping  in  front 
and  closed  behind.  The  fossil  species  commence  in  the  In- 
ferior Oolite,  and  the  genus 
is  represented  at  the  present 
day.  In  Clavageila  (fig.  380) 
the  shell  is  oblong,  one  of  the 
valves  beii^  free,  whilst  the 
other  forms  part  of  a  more 
or  less  elongated  calcareous 
tube,  which  is  often  divided 
by  a  longitudinal  partition 
and  terminates '  in  tubular 
openings.  The  fossil  Clava- 
gelUB  commence  in  the  Upper 
Greenaand,  and  the  genus  is  represented  by  several  living 
species. 

Fam.  21.  Pholadid,«. — Shell  gaping  at  both  ends,  without 
hinge  or  l^ament,  often  with  accessory  valves.  Animal  club- 
shaped  or  worm-like,  with  a  short  truncated  foot.  Mantle 
closed  in  front;  siphons  long,  united  to  near  their  extremities. 
In  the  genus  Pholas  the  shell  is  cylindrical  or  oval,  the 
valves  are  edentulous,  and  there  is  no  ligament  or  a  rudimen- 
tary one.  The  pallial  sinus  is  very  deep,  and  the  dorsal 
margin  of  the  sheU  is  protected  by  accessory  valves.  The 
Pholades  inhabit  burrows  which  they  form  for  themselves  in 
clay,  peat,  or  rock.  Many  fossil  species  of  the  genus  are 
known,  commencing  in  the  Jurassic  rocks.     The  living  genus 
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Xylophaga  is  represented  by  the  closely  allied  XyU^kagdla 
of  the  Cretaceous. 

In  the  geous  Teredo  the  ehell  is  "  globular,  open  in  front 
and  behind,  lodged  at  the  inner  extiemity  of  a  burrow  partly 


or  entirely  lined  by  shell ;  valves  three-lobed,  concentrically 
striated,  and  with  one  transverse  furrow ;  hii^e-maigins  re- 
flected in  front,  marked  by  the  anterior  muscular  impres- 
sions ;  umbonal  cavity  with  a  long  curved  muscular  process  " 
(Woodward).  Species  of  Teredo  occasionally  reach  a  very 
large  size,  and  they  are  known  in  the  fossQ  state  both  by 
their  shells  and  by  their  burrows  in  wood.  The  genus  seems 
to  have  commenced  in  the  Lias,  and  is  well  represented  at 
the  present  day.  The  Devonian  genus  Cimitaria  is  probably 
referable  to  this  family,  in  which  case  it  is  the  oldest  repre- 
sentative of  the  group. 


END   OF  THE   FIRST   VOLUME. 
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